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PREFACE 


Although soap is^uch a common article of everyday 
use, few of the general public have hitherto understood 
anything of its composition, or of the different methods 
by which the various kinds are produced. The greatly 
increased demand for glycerine, brought about by the 
recent war, owing to its being an essential constituent 
of many explosives, led, however, to a more general 
interest being taken in the constitution of oils and fats, 
and their saponification products, glycerine and soap, 
and whereas formerly glycerine was a waste-product of 
soap manufacture, during the war soap almost became 
a by-product in the preparation of glycerine ; at 
any rate, the production of soap in this country was 
officially encouraged for the sake of the glycerine 
thereby produced. It has been attempted in the 
following pages to describe in as non-technical terms 
as possible, firstly, the relationship between fat, alkali, . 
soap, and glycerine; secondly, the more important 
practical methods of soap manufacture; and, thirdly, 
the chief factors which determine the commercial value 
of soap, so that it is hoped this book will prove of interest 
not only to those who are actually engaged in the 
^ manufacture of soap, but to all large users of soap, and 
also to those who, have been led to consider the 
connection between oils and fats and the production 
of explosives. 

It will be seen that the manufacture of soap is now 
a definite chemical industry, firmly based on funda- 
mental chemical reactions, and though in remote districts 
in the colonies, far from manufacturing centres, it may 
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pay the housewife to make soap for her domestic require- 
ments on the old rule-of-thumb methods, it is impossible 
on the small scale to economically recover the glycerine, 
which is therefore wasted, so that home-made soap 
cannot compete in price with that made on the large 
scale, on scientific principles. 

I have to thank my friend, Mr. A. H. Charlton, for 
kindly perusing the proofs of the book, and for many 
practical suggestions for its improvement. I desire 
also to acknowledge my indebtedness to Messrs. Scotts, 
Engineers, of Kingsway House, London, W.C., for their 
courtesy in lending blocks for most of the illustrations, 
and also to Messrs. Forshaw & Son, of Warrington, for 
the block of a Soap Frame, Fig. 3. 


96 Victoria Street, 
Westminster, S.W.l 


W. H. SIMMONS. 
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CHAPTER I 
INTRODUCTION 

Soap is now such an important article of everyday use, 
that it is difficult to realise that the soap industry in 
this country dates back only some four or five hundred 
years, and that until the middle of last century it was 
subject to all manner of disadvantages. The word 
sofe in the Bible is generally believed to have referred, 
not to soap as we now understand it, but to the ashes 
of vegetable matter, which would contain alkali'carbon- 
ate; and the first mention of the production of soap in 
Europe is of a preparation made by the Gauls from 
tallow and wood-ashes, whence the name soap, from 
the Latin sapo^ which is cognate with the Latin sebum 
(tallow) . The Gauls, who in their turn may possibly 
have learnt the art from the Phoenicians, taught the 
Romans how to make soap ; and a complete factory 
for its manufacture, some 1,700 years old, was dis- 
covered in the excavations at Pompeii. It was not 
introduced into this country, however, until the four- 
teenth or fifteenth century, and it was then only a 
luxury for the rich, and but little was used. In 1622, 
James I is reported to have granted a monopoly to a 
company to make 3,000 tons of soap for a yearly sum 
of ;£20,000; and the industry was later subject to a tax 
varying from Id. per lb. in 1711 to 3d. per lb. in 1816, 
this being reduced in 1833 to l|d. per lb., and finally 
'■ 'I,,'." ■ 
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removed in 1853, when the revenue derived therefrom 
was over £1,000,000 per annum. 

Other factors which tended to hinder the develop- 
ment of the industry were the complete ignorance of 
the real composition of soap, which was considered to 
be merely a mechanical mixture Gf fat and alkali, and 
the absence of any satisfactory method for the cheap 
production of alkali for soap-making. The first of 
these difficulties was removed eai'ly f^ist century by 
the classic researches of Chevreul,. on the constitution 
of fats, from which it was shown that the formation 
of soap from fat and alkali was a definite chemical 
reaction, the alkali combining with the acid portion of 
the fat, and glycerine being at the same time liberated, 
according to the chemical equation — 

CaH5(Ci7Ha5COO)3 + 3 NaOH = C3H5(OH)8 + 3 CiTpIasCOONa 
Fat Caustic Glycerine Soap 

Soda 

The second difficulty, that of manufacturing cheap 
alkali, was solved by the discovery, in 1790, of Leblanc's 
method of producing sodium carbonate from common 
salt {vide p. 23); and the result of these discoveries 
was that the industry, now established on a scientific 
basis, quickly made considerable progress, as is shown 
by the following figures — 




V ear. 

Manufactured 

Consumed. 

Exported. 

1 t 

1 


CWTS. 

CWTS. 

CWTS. 

i - 

1801 . . . 

508,930 

482,140 ' 

26,790 

■■■■■21" 

1811 . . 

678,570 

651,780 

26,790 

..■■■ 21 ■■'/:■■■■ 

1821 . , . 

875,000 

839,290 

35,710 

„:28: " 

1831 . . . 

1,098,210 

955,360 

142,850 

.. 28. . 

1841 . . . 

1,776,790 

1,517,860 

258,930 

14 

1851 . . . 

1,937,500 

1,741,070 

196,430 

14 
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No official figures are available for the annual pro- 
duction of soap in this country since the repeal of the 
soap duty in 1853; but it probably now exceeds 
10,000,000 cwt. per annum. More soap is used in 
England per head of the population than in any other 
country, it being esHmated that, on an average, each 
person in England uses 211b. of soap per annum; 
America coming second with an average of 17|lb. per 
head; and France third, with 151b. per head. 

Definition OF Soap 

As was pointed out above, the researches of^heyreui 
showed that when a fat is boiled with soda to make 
soap, the latter represents a compound of the fatty 
acids of the fat with the soda; and, in its broadest 
sense, soap may be defined as a compound of any fatty 
acid or acids with some base. This definition not only 
includes the fatty acid compounds of soda, which con- 
stitute hard soap; of potash, which give soft soap; and 
of ammonia — useful as a dry-cleaning soap — but also 
the compounds of aluminium, iron, and chromium, 
which are used in various technical industries; and of 
lead, mercury, and zinc, which are used in pharmacy. 
The compounds of soda, potash, and ammonia, how- 
ever, are the only ones soluble in water and are, con- 
sequently, the only ones of use as detergents; and it is, 
therefore, customary in commerce to restrict the term 

soap ” to the fatty acid compounds of the alkalies 
(i.^. soda, potash, and ammonia), and it is with these 
that the present yolume deals. 


CHAPTER II 





RAW MATERIALS 

f ■ ■ ■ 

The raw materials employed in the manufacture of 
soaps are very numerous, and vary considerably accord- 
ing to the purpose for which the soap is to be used, 
partly on account of price, and partly owing to the 
properties of the materials themselves. Thus the high 
quality fats used in the making of a first-class toilet 
soap would be far too expensive to be employed in the 
production of a cheap household soap; while, on the 
other hand, the presence of any appreciable quantity 
of carbonate of soda, which is so useful an ingredient 
in a scouring soap, is seriously detrimental in a toilet 
soap on account of its irritating effect on sensitive skins. 
A number of the materials used are added for some 
specific purpose, as in the case of medicated soaps 
(see p. 86), tooth soaps, motorists' soap^, etc. The 
most important materials, indeed the fundamental 
materials, from which all soaps are made are (1) fats 
or fatty oils, and (2) alkali: these form what is termed 
the soap base, and from this any particular kind of 
soap is subsequently prepared as required. 

’ Fats or Fatty Oils 

The distinction between a fat and an oil is entirely 
one of temperature, a fat becoming an oil as the 
temperature is raised, and an oil a fat as the tempera- 
ture is reduced. Some materials are oils in one part 
of the world and fats in another {e.g. coconut oil), 
which is an oil at the place of production, but a soft 
fat in this country. The term oil " may, therefore, 
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be taken to include fats. Oils may be divided broadly 
into three important classes, which are entirely different* 
in their properties, viz. — 

(a) Fatty or “ fixed ” oils. 

• (b) Mineral or hydrocarbon oils. 

(c) Essential or volatile oils. 

The fatty oils are animal and vegetable products, 
obtained by the rendering, expression, or extraction 
of animal carcases, fruits, nuts, or seeds, and include 
tallow, lard, olive oil, cottonseed oil, etc. They are 
not capable of distillation without decomposition, hence 
the name “ fixed '' oils, and all consist of compounds 
of glycerine with stearic acid, oleic acid, or other fatty 
acid, which are termed glycerides. These glycerides, 
when boiled with alkali, are decomposed with liberation 
of glycerine and formation of alkali compounds of the 
fatty acids. These latter constitute soapy and the pro- 
cess is known as saponification. Any fatty oil is, there- 
fore, capable of conversion into soap by boiling with 
alkali, glycerine being at the same time set free, and 
this class of oils is the one which furnishes the soap base. 

Mineral of Hydrocarbon Oils . — ^These are the oils 
obtained from the petroleum wells in America, Russia, 
Galicia, Rumania, Burmah, and various other parts 
of the world, or by the distillation of shale in Scotland 
and elsewhere. They consist, as their name implies, 
almost entirely of carbon and hydrogen only, and are 
^pable of distillation without decomposition. They 
undergo no chemical change when boiled with alkali, 
and are hence said to be unsaponifiable, so that they 
are of no use to the soap-make^ though various 
attempts, which have been attended with little success, 
have been made to convert these into soap. 

A good deal of research has recently been carried out 
both in this country and in Germany on the oxidation 


of paraffin wax (which may be regarded simply as a 
frozen mineral oil) to fatty acids, by means of air, 
oxygen, or ozone, and if, as seems probable, this can be 
carried out economically on a commercial scale, this 
will give yet a further source of soap-making* 
material. • 

Essential Oils . — These are prepared by distillation 
or extraction of vegetable products, flowers, twigs, 
wood, fruit, roots, etc., and are only obtainable in much 
smaller quantities than either of the other two classes 
of oils. They are not capable of conversion into soap, 
but are used in the scenting of soaps, and will be 
referred to later in that connection. 

It has already been pointed out that the fatty or 
fixed oils are the ones used in soap-making, and that 
these all consist of compounds of glycerine with 
different fatty acids. It is the nature of these fatty 
acids which determines the properties of the various 
oils and fats, and their suitability for the manufacture 
of the different classes of soap. These compounds of 
fatty acids with glycerine are named according to the 
fatty acid they contain, the name always terminating 
in -in. Thus the compound of stearic acid and 
glycerine is called and must be distinguished 

from stearine, which is the commercial name for stearic 
acid, or more generally a mixture of stearic and 
palmitic acids, though unfortunately the solid glycerides 
separated from oils by refrigeration or expression ar^ 
frequently also termed “ stearines,'' e.g. cotton stearine, 
coconut stearine. 

The number of oils and fats utilisable for soap- 
making is very large, and is constantly being added 
to by the introduction of new vegetable products from 
all parts of the world. This is very fortunate, as the 
increasing demand for edible fats as butter substitutes, 
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chocolate fats, and for confectionery purposes is seriously 
reducing the quantity of animal fats and some of the 
better known vegetable fats available for soap-making; 
while a further depletion of the soap-makers' resources 
has been brought about by the process of oil '' harden- 
ing " or hydrogenising {vide p. 14), which has rendered 
possible the use, for edible purposes, of oils which were 
formerly only suitable for soap-making. 

The most important soap-making fats of animal 
origin are tallow, lard, bone fat, and skin grease. The 
tallows employed vary considerably in quality according 
to the nature of the soap required. Both mutton 
and beef tallows are used, the former giving the harder 
and whiter soap, though it is apt to deteriorate more, 
on prolonged keeping, than the slightly less white soap 
made from beef tallow. Large quantities of tallow 
used are imported from Australia, this being harder, 
and consequently giving a firmer soap than other 
varieties. A considerable quantity is also imported 
from America, but the so-called Russian tallow has long 
since become a thing of the past. English tallow is 
graded into Country tallow and Town tallow or Home 
melt. Tallow is valued for soap-making chiefly on its 
free fatty acid content, and its ‘‘ titre " Jhe sqhdi- 
fying point of its fatty acids. When it is raiSnfeed 
thaF^a'^neutral tallow will 3 deld roughly 10 per cent, 
glycerine on saponification, and that for every 10 per 
^cent. free fatty acids, 1 per cent, glycerine is lost, the 
importance of the former point will be appreciated; 
while the fact that the higher the titre of the tallow, 
the better the body " of the soap, will explain the 
value of the latter. The hardest tallow, with a titre 
of 48-49'' C. is most suitable for the production of 
shaving soap, that with a titre of 42-45° C. is used in 
the preparation of best quality toilet soaps, and tallows 
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with a titre of 40-42® C. find use in the manufacture 
of cheap toilet soaps and household soaps. Soaps made 
from tallow only j^re^ too hard an^ insoluble in water 
to be popular, as they only lather with "difficulty, and 
the tallow is always, therefore, blended with some 
material which gives a softer, m(^e soluble soap. In 
the case of toilet soaps, coconut oil, sometimes with a 
small proportion of castor oil, is employed for the pur- 
pose; and for cheaper soaps, cotton oil, maize oil, or 
similar oil, and rosin are used. 

Lard , — ^This is too expensive a substance to be used 
to any considerable extent in soap-making. It is, 
however, occasionally used in small proportion in 
shaving soap. It is, of course, obtained from the fat 
of the hog, and is a fairly soft fat, having a titre of 
about 37-39®C. 

Bone This fat is extracted from bones either by 
boiling with water, or more usually by extraction with 
volatile solvents: petroleum benzine, trichlorethylene, 
etc. A particularly good quality is prepared from the 
hollow shank-bones of cattle, and is known as Marrow 
tallow. Bone fat is largely used in the manufacture 
of household soaps. It usually has a titre of 39-41® C. 
and gives a soap of good body. It sometimes, how- 
ever, contains a rather high proportion of free fatty 
acids, and is liable to be contaminated with calcium 
salts, due to the calcium phosphate in the bones. This 
latter impurity, which is very objectionable in soap 
stock, may be removed by washing the fat with dilute"" 
hydrochloric acid, in which calcium phosphate is 
soluble, and afterwards with water. Both white and 
brown bone greases are on the market, the former 
being obtained by bleaching the latter. Brown bone 
grease is only suitable for brown bar household 
soaps. 
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Skin another extracted grease, is a nseful 

household soap-making material, and is sometimes also 
employed in small quantities in toilet soaps. It is 
white in colour, but of somewhat low titre, often as low 
• as 38° or a trifle under, and, like bone fat, it is liable 
to contain a distinc^t quantity of calcium salts. Skin 
grease has a very characteristic, but not unpleasant, odour . 

Cocomit OiL — ^There are three principal varieties of 
this oil used in soap-maidng, viz,. Cochin, Ceylon, and 
^'pressed oil/' The first-named, which is generally 
snow-white and almost neutral, is used in first-class toilet 
soaps; the second, which is slightly darker in colour, 
and rather more acid, in the cheaper toilet soaps; and 
the third, which is still darker, and often contains up 
to 10 per cent, free fatty acids, in household soaps. 
The same remark as regards acidity and loss of glycerine 
applies to this oil as to tallow, the only difference being 
that neutral coconut oil yields over 13 per cent, glycerine, 
so that every 10 per cent, free fatty acids means a loss 
of T3 per cent, glycerine. Coconut oil has a titre of 
about 22° C., but, although this is so low, gives, when 
saponified alone, a very white, hard soap, which, how- 
ever, is very readily soluble in water and gives a very 
free frothy lather, which quickly disappears. The soap 
made from coconut oil has a rather irritating effect on 
sensitive skins, consequently the proportion of coco- 
nut oil in the fats to be saponified, technically known 
as the '' stock," for a toilet soap should never exceed 
"" 25 per cent. The fatty acids contained, in the form 
of glycerides, in coconut oil are entirely different from 
those in any other soap-making material except palm 
kernel oil [vide infra), and possess the characteristic 
property that their sodium salts are soluble in strong 
salt solutions. This is a matter of considerable import- 
ance in soap manufacture, as wifi be described under 
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the graining '' operation in the section dealing with 
soap-making by the Boiling Process/' and it is also 
made use of technically in two directions: firstly, all 
marine soaps (i.e. soaps intended for use in sea water) 
are made almost entirely from coconut oil or palm > 
kernel oil, usually the former; and, secondly, these 
soaps are capable of retaining considerable quantities 
of salt solution, and yet remaining smooth, firm soaps, 
and thereby a cheaper product may be obtained, 
though, of course, its actual detergent value is corre- 
spondingly reduced. A further special feature of coco- 
nut oil is the ease with which it undergoes saponifica- 
tion when mixed with strong caustic soda solution 
without boiling, and, for this reason, coconut oil gener- 
ally forms an important ingredient in the so-called 

Cold Process Soaps/' A slightly different form of 
coconut oil is obtained from the skin or rind next the 
shell of the coconut. This rind is shaved off in the 
preparation of “ desiccated coconut," and furnishes 
what is known as coconut shavings oil. This oil has 
distinctly different chemical properties from ordinary 
coconut oil, requiring less soda for its saponification 
and having a higher iodine absorption, viz., about 
25 per cent, as compared with 8-9 per cent for ordinary 
coconut oil. It has a similar titre to that of the ordinary 
oil, viz., about 22° G. 

Palm Kernel Oil . — This is never quite so white as the 
best coconut oil, usually having a slightly creamish tint. 

It has an odour very similar to that of coconut oil, 
which it resembles in all respects, and it can be used 
for the same purposes. It is interesting to note that 
this is one of two oils obtained from the same fruit, the 
palm fruit found chiefly on the West Coast of Africa, 
and also in South America. The fruit itself has a softer 
. outer pericarp, which is rich in oil and yields palm oil; 
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inside this pericarp is a nut, which contains a kernel, 
and the oil produced by crushing these kernels is the 
oil just described. 

Palm 0^7.— This oil, as obtained from the palm fruit, 
is a reddish-brown product of about the same con- 
sistency as a soft tailow. It possesses a characteristic 
odour somewhat suggestive of violets, which persists 
even when the oil is converted into soap, and for this 
reason the oil is often used in the preparation of soap 
intended to be sold as violet soap. For toilet soap 
purposes it requires to be bleached, and this offers 
generally little difficulty, as the reddish-brown colouring 
matter is very easily destroyed by oxidation, which 
can be effected either by pumping air or ozonised air 
through the heated oil, or is often done by the use of 
potassium bichromate and sulphuric acid (Watts' pro- 
cess) in a lead-lined tank. Palm oil as shipped from 
West Africa frequently contains a large quantity of 
sand and impurities, which should be allowed to settle 
out and removed before attempting to bleach. Some 
varieties, such as Congo and Saltpond, are difficult to 
bleach, and are often used in the dark coloured state 
to impart colour to household soaps. 

Olive 0^7.— This oil forms a very mild neutral soap, 
specially adapted for sensitive skins, such as those of 
very young children. It is, however, not a very good 
detergent; and it is preferable, for ordinary toilet pur- 
- poses, to saponify a mixture of olive oil and coconut 
oil in the proportion of three parts of the former to 
one part of the latter. There are two varieties of olive 
oil available for soap-making, viz., the ordinary 
expressed, almost neutral oil, which is golden to green- 
ish-yellow in colour and is used for toilet soaps, and for 
the official hard and soft soaps of the British Pharma- 
copoeia; and the so-called “ sulphur olive oil" which 



is obtained by extracting the residue from expression, 
or marc, with carbon bisulphide, and distilling off the 
solvent. This is dark green in colour, and always 
retains a slight objectionable odour due to the solvent, 
hence its name. This oil is only suitable for use in 
cheap household soaps. The nam%s Castile and Mar- 
seilles soap were originally employed to denote soap 
made exclusively from olive oil, but there is some 
difference of opinion as to whether these names should 
longer be retained for pure olive oil soaps. In any case, 
it is a fact that much of the soap now sold as Castile 
is largely composed of arachis and coconut oils, and this 
applies still more to the so-called Marseilles soap. 

A neutral soap made from pure olive oil has very little 
taste, and is consequently very suitable for tooth soaps. 

It will be found to figure largely in formulae for denti- 
frices under the name of “ pulv. sapo. Cast, alba.'* 

A potash olive oil soap is considered the best for some 
textile purposes, but on account of its cost can only 
be used on the most expensive materials. 

Arachis, EarthNut, Ground Nut, or Pea Nut Oil is very 
similar in character to olive oil and, as already mentioned, 
is largely used as a substitute for olive oil in soap-making. 

Cottonseed Oil, which was formerly a waste product 
in the cotton industry, but is now an important article 
of commerce, is a useful raw material in the soap 
industry both for the manufacture of household soaps 
and for the production of soft soaps which will '‘fig” • 
[vide p. 49). It is rather abnormal as a soap stock, 
as, although it has a fairly high titre (33-34'" C,), it 
produces a very soft, weak soap. As expressed from 
the cottonseed, the crude cotton oil has a very dark 
reddish-brown colour, which it is necessary to remove 
before the oil can be used for soap-making. This is 
almost invariably done by treating the crude oil at a 
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temperature of 120° F. with a small quantity of a weak 
caustic soda lye, containing about 5^7 per cent, caustic 
soda (or 12-15° Tw.), which combines with the free 
fatty and resinous acids of the oil to form a soap, and 
■ this, in falling, mechanically carries down with it 
practically all the oolouring matter, as a dark soapy 
mass, sometimes known as mucilage. The latter is the 
source of cotton soaf stock which is recovered from 
it by boiling with water and graining out the soap with 
salt, this process being repeated two or three times if 
necessary. This cotton soap stock, which has a very 
characteristic odour of trimethylamine, contains the 
free fatty acids from the oil in the form of soap, 
together with a certain amount of neutral oil which 
gets carried down entangled in the mucilage. Coconut, 
palm kernel, arachis or ground nut oil, olive oil, and 
maize or corn oil are frequently refined by the use of 
caustic soda lye in a similar manner, and throw down 
a deposit, which is known as coconut, palm kernel, 
arachis, olive, or maize soap stock, as the case may be. 
These soap stocks, which usually contain about 60 
per cent, total fatty matter, about half of which is 
neutral oil, and the remainder in the form of soap, me 
largely used in soap manufacture, in admixture with 
other fatty material. Sometimes they axe treated with 
mineral acid, which liberates fatty acids from the soap, 
and these mixtures of fatty acids and neutral oil 
constitute the “ acid oils ” of commerce. 

M.aize Oil, a by-product in the manufacture of 
glucose from maize starch, is obtained from the maize 
germ, and is sometimes used in soft soap. It is 
somewhat similar to cottonseed oil. 

Rice Oil, a similar class of oil, is also sometimes used 
in the manufacture of soft soap. It is liable to contain 
rather a high proportion of free fatty acids. 
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_ Soya Bean Oil, only introduced to the English market, 
m any quantity, some fifteen years ago, is now used, 
aniong other directions, in soft soap manufacture. 

Linseed Oil.— This is probably the most popular 
material of all for soft soap manufacture. The seed is 
imported in large quantities fromt the Argentine and 
(formerly to a lesser extent from Russia) 
and the oil expressed in this country. Dark linseed oils 
are generally refined by treatment with a small quantity 
of concentrated sulphuric acid (Th6nard’s process), 
which chars the impurities and carries them down as 
a tar to the bottom of the oil. Linseed oil seldom 
enters into hard soaps, the sodium compound of the 
atty acids being quite soft; but for soft soaps it is an 
exceUent material, giving by itself a soap which does 
not fig.” 

Castor Oil is too expensive to be much used as a 
general soap material. A little is sometimes employed 
to^ iniprove the consistency of a toilet soap, but its 
principal use is in the preparation of cold-process 
transparent soaps, in which it plays an important part 
in inducing transparency, and in the manufacture of 
liquid soaps or soap solutions, for which it is by far 
the most suitable material on account of the much 
greater solubility in water of castor oil soap over that 
of any other soap. During the Great War castor oil was 
extensively used for the manufacture of soda soft soaps 
in place of potash soft soaps. For this purpose, material 
with a low titre is absolutely essential, and castor oil 
with a titre of about 3° C. is, therefore, particularly 
suitable. The oil is generally split before use, the 
glycerine being recovered and the fatty acids saponified 
with soda after mixing with linseed or other raw 
materials. 

Chinese Vegetable Tallow is an interesting material 
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often used as a partial substitute for animal tallow in 
the manufacture of hard soaps. It is one of two fatty 
products of the taUow tree/' ox Stillingia sebifera, 
a tree found in China, and is obtained from the coating 
•of the seeds. The other product, Stillingia oil, is a 
liquid oil prepared frt^m the seeds, but is not used in 
soap-making. Chinese vegetable tallow is naturally 
green, but is easily bleached white, and is used in this 
state by the soap manufacturer. It is very hard, 
having a titre of about 50-52° C. or distinctly higher 
than that of ordinary tallow. Yet when blended with 
a small proportion of oil for soap stock, it does not 
appear to give such a good bodied soap as animal tallow. 

Hardened or Hydrogenised Oils . — Under this name a 
new class of solid fat has during the last few years 
become available for soap-making. It has been known 
for a very long time past, that the hard stearic acid or 
stearine only differed chemically from the liquid oleic 
acid or oleine by containing slightly more hydrogen, 
or, in chemical language, 2 atoms of hydrogen more 
per molecule, and, based on this knowledge, many 
attempts had been made to convert the less valuable 
oleic acid into the more valuable stearic acid; but it 
was not till some nineteen years ago that Normann 
(Eng. Pat. 1515, 1903), making use of the work of 
Senderens and Sabatier on reduction by means of 
hydrogen in the presence of a catalyst, such as nickel, 
palladium, etc., succeeded in accomplishing this change. 
He found that by exposing an unsaturated fat or fatty 
acid, in the liquid state, to the action of hydrogen in 
contact with finely divided nickel or other metal, the 
fat or fatty acid adds on hydrogen and becomes partially 
or completely saturated.' 

Since this discovery of Normann^s, which has been 
described as a master patent (but was set aside by 


i 


Mr. Justice Neville in 1913 as invalid, on the ground 
of incomplete discovery), numerous modifications of 
the process have been invented, for the preparation 
of the catalyst, for various other catalysts; for deposit- 
ing the catalyst on inert material such as kieselguhr, ^ 
pumice, asbestos, etc.; or for mechanical devices for 
promoting contact between the oil, the catalyst, and 
the hydrogen. The reaction may be carried out by 
subjecting the oil to treatment with hydrogen under 
considerable pressure (about 18 atmospheres), at a 
temperature of about 180° C., and in contact with 
either catalytic nickel or palladium. The process may 
be applied either to liquid oils (glycerides), or to liquid 
fatty acids, and has now been so perfected that the 
degree of hardening can be readily controlled, and an 
oil, such as whale, cotton, or maize, hardened at will 
to a buttery consistency or to any degree of hardness 
between that and a hard brittle fat. For soap-making, 
an oil hardened up to possess a titre of 40-42° or 43° 
is probably the most suitable, but for other purposes 
a greater or less degree of hardening is desirable. 
Such fats have a very characteristic odour, which is 
apt, if they are used in large proportion, to be also 
transmitted to the soap; but in the case of whale oil, 
the fishy smell is entirely destroyed. Formerly, whale 
oil was the principal oil hardened in this way; but the 
process is now commonly applied to cotton, maize, 
linseed and fish oils. These hardened oils are useful as 
substitutes or partial substitutes for tallow in all classes 
of soap, but the soaps made from them do not appear 
to possess so much body as soaps made from ordinary 
tallow of similar titre. 

Rosin was first introduced as a soap-making material 
about the middle of last century, and though not really 
a fat or oil, yet it forms, when boiled with alkali, a 
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compound behaving in many ways similarly to a soap 
made from fat. Thus it is grained out of solution by 
salt and, when dissolved in water, it undergoes hydro- 
lysis, and with vigorous rubbing produces a distinct 
'though somewhat feeble lather. Rosin is the residue 
left in the retort aftef the distillation of oil of turpen- 
tine from the oleo-resin exuded by the pine trees of 
America, Trance, Spain, Algeria, and Greece, and con- 
sists chiefly of an acid substance— abietic acid— so that 
it can be almost entirely saponified with sodium car- 
bonate. Rosin is obtained in a variety of different 
colours, ranging from the so-called WW or water 
white, which is the best, and is closely followed by a 
slightly more yellow quality (W G or window glass), 
down to a very dark, almost black, or “common” 
quaUty. A good deal has been said in the past for and 
against the use of rosin in soap. It is much cheaper 
than any other raw material for soap-making, so that 
in times of very high prices for oils and fats, there_ is 
strong inducement for the soap maker to use quantities 
which may be considered excessive. There is no doubt, 
however, that in many ways the addition of a reason- 
able proportion of rosin is an advantage in a household 
soap. It increases the solubility in water and lathering 
properties of the soap, imparts a distinctive and not 
unpleasant odour, and is generally considered to pre- 
vent a soap going rancid on prolonged keeping. It is 
responsible for the characteristic odour and colour of 
primrose soap, which is normally a taUow rosin soap, 
containing some 15 to 25 per cent, rosin. The use of 
rosin is not permissible in a high-class toilet soap, as it 
spoils the colour, and the considerable hydrolysis rosin 
soap undergoes in water renders it objectionable for 
this purpose. Rosin also must not be used for textile 
soaps, as it stains and injures the fibres of the textile 



materials and interferes with the subsequent dyeing 
of the fabric. For washing clothes, lace curtains, etc., 
the presence of rosin in the soap is also objectionable, 
as the rosin combines with any lime or magnesium 
in the water, depositing insoluble compounds on’ 
the materials, which, on dryihg, produce yellow 
stains. 

Rosin contains no glycerine, consequently there is no 
lye of any value to withdraw after its saponification. 
The darker qualities may be purified before introduction 
into soap by first saponifying the rosin by itself and 
graining the rosin soap out with salt, when the soluble 
impurities remain in the salt lye. After withdrawing 
the latter, the rosin soap is “ closed,"' i,e. brought 
back from the granular to the smooth and homogeneous 
or pasty state by either adding water and boiling, or 
boiling with open steam; it is then added to the other 
saponified material. 

Fatty Acids , — The increasing value of glycerine, 
together with the fact that the glycerine recovered 
from soap lyes is necessarily contaminated with large 
quantities of salt and other impurities, and in the case 
of potash soft soap is lost altogether, has led to many 
processes being devised and worked for the preliminary 
“ splitting " of the fats or oils into fatty acids and 
glycerine, and the subsequent conversion of the former 
into soap. In the early days of these processes, the 
fatty acids were apt to be dark in colour, and pro- 
duced discoloured soaps, but this defect has now 
been largely overcome, and the soaps prepared from 
fatty acids are almost if not quite equal in appear- 
ance to those made by direct saponification of the 
glycerides. The use of fatty acids marks a distinct 
advance on the old-fashioned methods of soap-making, 
and offers cex'tain advantages in the manufacture of 
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both hard and soft soaps; in the case of the former 
it being possible to saponify with the cheaper soda- 
ash in place of caustic soda; and, in the case of the 
latter, the glycerine no longer being wasted by being 
allowed to remain in the soap. There are several 
methods in actual use for the preliminary decomposi- 
tion of fats into fatty acids and glycerine, and numerous 
others have been proposed. Those most commonly 
adopted are (1) the Twit chelT process; (2) the castor 
seed enzyme or “ ferment '' process; (3) the use of lime 
or magnesia as a catalyst under pressure; and (4) the 
sulphuric acid process. Limitations of space forbid a 
description of these processes, full particulars of which 
will be found in the author's Handbook of Soap Manu- 
facture (Scott, Greenwood & Son, London). Suffice it 
to say, however, that, by these methods of treatment, 
fats can be readily decomposed to the extent of 90-95 
per cent, into fatty acids and glycerine, and the latter 
recovered in a much less impure state than in 
soap-makers' lyes. 

The fatty acids resulting from such fat-splitting or 
hydrolysis consist, in general, of a mixture of several 
fatty acids, both liquid and solid, most oils and fats 
containing the glycerides of many different fatty acids. 
Tallow, for example, will yield a mixture of stearic, 
palmitic, and oleic acids; palm oil will give palmitic 
acid and oleic acids; and coconut and palm kernel oils, 
which contain certain glycerides not present in other 
common fats, will yield lauric, myristic, palmitic, capric, 
and small quantities of other volatile fatty acids. 
Liquid oils, like olive or maize oil, naturally yield much 
less solid fatty acids than do solid fats, the greater part 
of their fatty acids being oleic and hnolic acids. Cotton- 
seed oil differs somewhat from these, as, although a 
fluid oil, it contains about 20-25 per cent, solid fatty 


m 





SOAP 


acids, chiefly palmitic acid; and arachis or earth nut 
oil, which is very similar to olive oil, contains about 
5 per cent, of arachidic acid, a very hard acid, almost 
peculiar to itself, with a melting point of 75° C. Japan 
wax or tallow differs from most other fats or oils in' 
consisting almost entirely of a single glyceride — that 
of palmitic acid — so that on hydrolysis almost pure 
palmitic acid is obtained. 

The mixed fatty acids separated from the glycerine 
are at once available for conversion into soap by direct 
neutralisation with alkali, as is described later (p. 32); 
but for some purposes it is desirable to separate the 
solid from the liquid fatty acids, and this is done by 
melting the mixed fatty acids in shallow vessels and 
allowing them to cool down slowly, so that the solid 
acids may crystallise out. The solid or semi-solid mass 
is then pressed, first in the cold, to remove the larger 
part of the liquid fatty acids; and the solid cakes left, 
hot-pressed to expel the remainder of the liquid fatty 
acids, though at the same time some of the solid fatty 
acids are carried through as well. The solid and liquid 
products obtained in this way are known commercially 
as “ stearine ** and ‘'oleine'" respectively, and those 
obtained by saponification with lime or magnesia are 
distinguished as " saponified " stearine and oleine; 
while those resulting from the sulphuric acid method 
of decomposition are called " distilled ” or " distilla- 
tion " stearine and oleine. Saponified stearine usually 
consists of a mixture of stearic and palmitic acids, and 
has a titre of about 55-56° C.; whereas distilled stearine 
contains also the products of the action of sulphuric 
acid on oleic acid, viz., isoleic acid, hydroxystearic acid, 
and stearolactone, and has a slightly lower titre, about 
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for the preparation of shaving soaps. The oleine, which 
is also known as “red oil/' is largely used in soap- 
making, especially for textile soaps. Consisting chiefly 
of oleic acid, it also contains any glycerides remaining 
^undecomposed during the saponification process, together 
with the unsaponifiaHe matter present in the original 
fat. It is usually sold on a basis of the percentage of 
saponifiable matter present; owing to the presence of 
solid fatty acids pressed out with the oleine during the 
hot pressing, commercial oleines frequently have a titre 
as high as 15-16® C., though that of pure oleic acid is 
less than 9® C. 

Alkalies 

Having described the materials which go to form the 
fatty part of the soap, we come now to a consideration 
of the metallic or inorganic substances with which the 
fats are combined to produce soap. As has already 
been pointed out in Chapter I, all compounds of fatty 
acids with metals are strictly entitled to be called 
soafs ; but as the only ones soluble in water are those 
of sodium, potassium, and ammonia, and, as the use 
to which what is ordinarily termed soap is applied, 
requires that it should dissolve in water, we only need » 

consider the compounds formed by the fatty acids with j 

these three latter substances. Until the European War, , | 

it was a simple and fairly accurate classification to say ’ j 

that hard soaps were soda soaps, and soft soaps potash ; | 

soaps. It is true, potash entered into hard soap ; | 

intended to be made into shaving soaps, and soda ' ! | 

formed a part of the alkali in many soft soaps, especially : I 

those which were required to crystallise or “ fig but, i 

in the main, such a generalisation was substantially | 

correct. The effect of the war was, however, to almost I 

completely shut off our supplies of potash — a product : j 
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found naturally in the Strassfurt mines in Germany — 
with a consequent rise in price to an almost prohibitive 
figure, and soft soap makers, therefore, were obliged to 
try and substitute soda for potash in their soaps. This 
it was found possible to do with some considerable" 
success by carefully selecting as fatty materials oils 
with a low titre, such as linseed oil, oleine, and especially 
castor oil. After a little experience, soda soft soaps 
were produced almost, if not quite equal, in appearance 
to those formerly made with potash ; such soaps were 
not so satisfactory in use, however, as the potash pro-* 
duct, especially for textile purposes, for which potash 
soap is preferable both on account of its greater solubility 
in water, and the effect it is found to have on the 
appearance and feel of the textile materials. With the 
availability of caustic potash once more, these soda soft 
soaps have therefore practically disappeared. 

The use of ammonia as a soap-making material is 
very limited, owing to the fact that the compounds 
formed by ammonia with fatty acids are very unstable, 
easily decomposing on being heated. The compound 
of ammonia with oleic acid has been proposed by 
Jackson (Eng. Pat. 6712, 1906) as a laundry detergent, 
being made in the wash-tub at the time of use by 
directly neutralising oleic acid with ammonia. An acid 
ammonium soap (Le, a compound of fatty acid and 
ammonia, but containing an excess of the former) is an 
important constituent of dry cleaning soaps [vide p. 98) 
and also of most metal polishes. 

Soda Compounds 

Sodium is, of course, widely distributed throughout 
the world in many of its salts, sodium chloride being 
almost ubiquitous, and the nitrate, sulphate, borate, 
and silicate being found in various parts. Sodium 
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carbonate is occasionally met with in lakes, notably 
in one casein Africa; and the sesquicarbonate, which 
may be regarded as a hydrated mixture of sodium 
carbonate and bicarbonate, in the proportion of 1 
• molecule of each, and containing also 2 molecules 
of water of crystallisation, is found native in Eg 5 ?pt 
and other parts of Africa. Caustic soda or sodium 
hydroxide, however, which is the most important 
sodium compound to the soap maker, does not occur 
naturally, but has to be produced artificially, and the 
source from which it is made is invariably sodium 
chloride or common salt. This is found in considerable 
quantities in Cheshire in the form of brine, and it is 
here that the greater part of the caustic soda is pro- 
duced in England. There are three principal methods 
by which sodium chloride may be converted into sodium 
hydroxide, the oldest being the Leblanc process, by 
which the sodium chloride is first converted into sul- 
phate, or “salt cake“ by treatment with sulphuric 
acid, this compound being then roasted with coal and 
limestone to produce black ash,’’ a crude form of 
sodium carbonate. The latter is extracted with water, 
and the solution of sodium carbonate so obtained, when 
boiled with lime, gives a solution of sodium hydroxide 
from which solid caustic soda may be produced by evapo- 
rating, first, in iron vessels, and, finally, in silver pans. 

In the second process, the Solvay or ammonia-soda 
process, the sodium chloride is first converted into 
sodium bicarbonate by either saturating brine with 
ammonia gas, or dissolving solid salt in ammonia solu- 
tion, and causing the solution to gradually pass down 
a tower, where it meets a current of carbon dioxide 
forced in under pressure at the bottom of the tower. 
The sodium bicarbonate collects at the bottom as a 
thick cream, from which it is recovered by filtration, 
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and then converted into neutral carbonate by heat. 
The causticisation is then effected by means of lime 
as described above. 

It will be noticed that in both the above-mentioned 
processes for the production of sodium hydroxide, 
sodium carbonate has to be firsj: obtained, and this 
changed into sodium hydroxide by boiling with lime. 
In the third process, which is the most modern and is 
sometimes spoken of as the Castner-Kellner process, 
caustic soda is obtained directly by electrolysis of a 
solution of sodium chloride, the latter being split up 
into chlorine which is liberated at the anode, and 
sodium which forms an amalgam with the mercury 
kathode. This amalgam is then decomposed, with 
formation of caustic soda. 

Caustic Soda comes on to the market in the solid 
form, of various degrees of purity, the quality generally 
being described in terms of the percentage of actual 
NagO present. The usual designations are 78/79®, 
76/77®, 70/72®, and 60/62®; but these represent the 
strength in so-called English degrees, which are about 
1 per cent, above the true percentage of NagO, and are 
a relic from the time when the atomic weight of sodium 
was believed to be 24, instead of the present-day figure 
of 23. 

The best quality should contain not less than 98 per 
cent, actual sodium hydroxide and about 2 per cent, 
sodium carbonate. The lower grades contain con- 
siderable quantities of sodium chloride, the 70® alkali, 
for example, containing about 8 per cent, sodium 
chloride. Caustic soda is sometimes bought liquid in 
the form of a solution of 90®, or occasionally 106® Tw. 

Sodium Carhonate is obtainable commercially in two 
forms: (1) the anhydrous carbonate, or soda ash, some- 
times known as 58® alkali, the 58® representing English 
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degrees and being equivalent to 99 per cent, true sodium 
carbonate; and (2) soda crystals (t.e. ordinary washing 
soda), which contains 10 molecules or 62-9 per cent, of 
water of crystallisation. A lower grade of soda ash, 
•sold as 48° ash, contains 75 per cent, sodium carbonate, 

4 per cent, caustic ^soda, and 10 per cent, sodium 
chloride. 

Soda Ash is the form most generally employed for 
saponification of fatty acids, and for addition to soap 
to lower the percentage of total fatty acids. Both 
soda ash and soda crystals are used in the production 
of soap powders, according to the dr 3 mess of the actual 
soap employed. Methods for the preparation of sodium 
carbonate from common salt have already been given 
under Caustic Soda above. Soda crystals lose most 
of their water of crystallisation on exposure to air, 
being converted into the powdery monohydrate, 
Na2C03.H20. 

Sodiuwi CdyhoHCitc has an irritating effect on sensitive 
skinsrand consequently must only be present to a very 
small extent in a toilet soap, usually not exceeding 
0-15 per cent. 

Other sodium compounds which, although not actually 
used for saponification, play an important part in the 

soap industry are — tr r,\ 

Sodium Sesquicarbonate (Na^COa. NaHCOs. 2 HjO), 
which, as already mentioned, occurs native in Egypt, 
and other parts of Africa and in South America. It has 
some detergent properties fer se, and has been recom- 
mended for domestic use in cleaning kitchen utensils, 
etc., also for bottle cleaning on the large scale. It is 
milder in its action on the skin than sodium carbonate, 
and is a frequent constituent of " bath salts. 

Sodium Bicarbonate is sometimes used for neutralising 
free caustic alkali in a soap, the caustic being converted 
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thereby into sodium carbonate. As already mentioned, 
however, any excess of sodium carbonate is objection- 
able in a toilet soap, so that sodium bicarbonate can 
only be used for neutralisation where the amount of 
free caustic alkali present is very small. Sodium* 
bicarbonate is the purest form t)f alkali commercially 
obtainable, and is almost entirely prepared by the 
ammonia-soda process just described above. 

Sodium Silicate is a very useful ingredient in many 
household soaps, especially bar soaps. It is a much 
cheaper material than soap, and enables a soap to carry 
more water than is possible with a pure soap, so that 
soaps which contain silicate should honestly be sold 
at a lower price than pure soap. Its advantages and 
disadvantages are fully discussed in the section dealing 
with household soaps (p. 66). Sodium silicate, or water 
glass, comes on to the market in three forms; 140® Tw., 
100® Tw., and 75® Tw. These all contain about 30 per 
cent, silica, but the alkalinity increases with the gravity. 
This is due to the fact that, on concentration of a 
weaker solution of sodium silicate, silica is thrown out 
of solution and deposited, while the alkali remains 
completely dissolved. The 75® Tw. silicate is some- 
times spoken of as “neutral silicate,” while the others 
are, of course, strongly alkaline. Sodium silicate may 
be prepared by either fusing together soda ash and 
sand, or by boiling together, under pressure, sand and 
concentrated caustic soda solution. 

Sodium Chloride (common salt) is a very important 
substance to the soap-maker, as by its use he is able 
to ” grain ” out the soap and thus recover the glycerine 
liberated during the saponification of the fats. It is 
obtainable in such quantity naturally, that there is no 
need to manufacture it; the chief method of production 
was formerly by the evaporation of sea water, but now 
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it is mainly prepared from salt springs or mines. Salt 
is very soluble in water, but the solubility increases 
only very slightly with rise of temperature. Thus a 
saturated solution at 0° C. contains 26 per cent, sodium 
'chloride, and a saturated solution at 100° C., 28i per 
cent. It is a con veilient practice in a soap works to 
have a stream of water slowly passing through a drum 


of salt, passing in at the bottom and out at the top. 
and thus furnishing a saturated brine solution. 


Potash Compounds 

Like those of sodium, the compounds of potassium 
are found widely distributed throughout Nature, in 
sea water, seaweed, ashes of plants, the washings from 
sheeps’ wool, in various rocks as siUcate, and as nitrate 
in South America. The most abundant source of 
potash salts, however, in a soluble and, therefore, 
readily available form is Stassfurt, in Germany, where 
it is found associated with magnesium as the double 
potassium magnesium chloride (Carnallite), and as 
potassium sodium chloride (in Sylvine). 

The value of the mines as a source of potash was not 
realised until about 1860, but since that date the 
industry has been steadily developed by the Germans 
until, in 1914, there were 115 mines being worked, and 
the annual production of pure potash was 1.167,000 tons, 
of which over 500,000 tons were exported. Of course, 
only a comparatively small proportion of this is used 
industrially, the bulk being required for agricultural 
purposes; indeed, Emslie {Jour. Soc. Chem. Ind., 1909, 
p. 398) estimates that, although in 1880 more than half 
the supply of potash was used in industry, by 1909 
less than 15 per cent, was employed in this way, agri- 
culture using more than 85 per cent. As already 
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pointed out, however, potash is a valuable material to 
the soap-maker for the production of both shaving and 
soft soaps. 

Caustic Potash, or potassium hydroxide, is usually 
prepared by causticising the carbonate by boiling with 
lime in the same way that caustic soda is prepared from 
sodium carbonate. The potassium chloride is first con- 
verted into potassium carbonate by a process exactly 
analagous to the Leblanc method for the preparation 
of sodium carbonate from sodium chloride and, on 
boiling the potassium carbonate solution with lime, a 
solution of potassium hydroxide is obtained, which, 
on evaporation, gives solid caustic potash. This comes 
on the market in various strengths, the most usual 
being 88/92° and 78/82°, the degrees in this case repre- 
senting actual percentage of potassium hydroxide. 
Caustic potash is sometimes sold in the form of a solu- 
tion of about 50° Be. [i,e, containing about 50 per cent, 
by weight of potassium hydroxide). Samples of caustic 
potash, whether solid or in solution, should always be 
examined for the presence of caustic soda, which is 
much cheaper. The author has met with caustic potash 
containing as much as 10 per cent, sodium hydroxide. 

Potassium Carbonate is now largely prepared from 
potassium chloride by treatment with sulphuric , acid, 
and then roasting the potassium sulphate so formed 
with coal and limestone. It was formerly obtained, 
however, almost entirely by burning vegetable matter 
and extracting the ashes in pots, hence the name. 
A moderately pure form of potassium carbonate is sold 
under the name of pearlash, which varies a good deal 
in strength, being sometimes as low as 87 per cent, 
potassium carbonate and occasionally as high as 95/96 
per cent., and frequently containing comparatively 
large amounts of chloride and sulphate. A fair standard 
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Most soaps, whether toilet or household— except tne 
very cheapest bar soaps— are scented, the quality and 
quantity of perfume added depending on the class of 
Map and the price at which it is intended to be sold. 

A perfectly well-made neutral soap, of which the 
stock consists principally of high-grade tallow, together 
with a small proportion of oil, will have a sweet, nutty 
odour; but soaps made from lower quality materials 
have a less pleasant ’odour. While, therefore, a sweet- 
smelling unscented soap is a guarantee both a.s to 
quality of raw material and as to satisfactory saponifica- 
tion, soaps made from cheaper fatty material require 
perfume to mask their odour. Soaps made from the 
best fats are, however, usually scented in order to 
increase their popularity and command a better price, 
and, being perfectly sweet in the unscented state, allow 
of the use of a very delicate perfume, but those made 
from inferior stock, or containing a very large propor- 
tion of coconut oil, require strong and rather coarse 
perfumes to cover up the smell of the soap itself. Soap 
made from palm oil has already a violet-like odour, 
which is stih further accentuated by the addition of 

suitable perfume. _ 

Household soaps containing a considerable amount 
of rosin have also a somewhat pleasant aroma, and 
do not require the addition of much perfume. 


In the case of medicated soaps, the addition of per- 
fume sometimes serves to disguise the unpleasant odour 
of the medicament; and another advantage of adding 
perfume to a soap is that a scented soap will keep free ^ 
from rancidity for a very long tinie, whereas unscented 
soap, on prolonged storage, tends to develop an 
objectionable fatty smell. 

The materials used for perfuming soaps are very 
numerous, consisting of a great variety of essential 
oils, gums, resins, and balsams, together with the three 
animal products — ambergris, musk, and civet— and 
supplemented to an increasing extent during recent 
years by many S3mthetic perfumes or chemical bodies 
produced in the laboratory, of pleasant odour, and 
resembling, or in many cases identical with, substances 
found in Nature. 

It is outside the scope of this book to deal at any 
length with the nature and properties of these essential 
oils, a full account of which will be found in another 
volume of this series. (Ainsworth Mitchell's Oils.) 

In the table on the next page are given some of the 
more important essential oils and synthetic perfumes 
used in soap, together with the kind of soap for which 
each is suitable. 





; Perfume. 

Used in 

Essential Oils : 


' Almond 

Heliotrope; Shaving soap 

Bay ^ 

Shaving soap 

Bergamot 

Violet, Eau-de-Cologne, 

Lily of the Valley 

Cananga 

Violet 

Caraway 

Brown Windsor 

Cassia 

,, „ Coal Tar 

Cedarwood 

Violet 

Cinnamon Leaf 

Brown Windsor, Carnation 

Citronella 

Honey, Household Soap 

Clove 

Carnation, Heliotrope 

Eucalyptus 

Medicated 

Geranium, African & Bour- 

Rose, Wliite Rose 

bon 


I^avender 

Lavender, Eau-de-Cologne, 
Shaving 

Lemon 

Eau-de-Cologne 

Lemongrass 

Verbena, Honey 

Lime 

Household 

Linaloe 

Lily, Lilac, Sweet Pea 

Orange 

Eau-de-Cologne 

Palmarosa 

Rose 

Patchouli 

White Rose, Oriental 

Peppermint 

Tooth Soap 

Petitgrain 

Glycerine and Cucumber 
Eau-de-Cologne 

Rose 

High-class Rose 

Rosemary 

Eau-de-Cologne, 

Brown Windsor, Lavender 

Sandalwood 

Violet, Oriental 

Sassafras 

Household, Brown Windsor, 
Coal Tar 

Thyme 

Medicated 

Wintergreen 

Tooth Soap, Shaving Soap 

Synthetics : 

Heliotrope 

Heliotropin 

lonone 

Violet 

Benzyl acetate 

Jasmine 

Phenyl acetaldehyde 

Hyacinth, Sweet Pea 

Terpineol 

Lilac, Lily of the Valley 




CHAPTER III 

METHODS OF SOAP-MAKING 

There are five or six different methods of making soap, 
according to the nature of the raw materials employed 
and the class of soap to be produced. The simplest 
process of all, and one which can be used for the pro- 
duction of both hard and soft soaps, is that of direct 
neutralisation of fatty acids by alkali. For this purpose, 
either the alkaline hydroxide or carbonate may be 
employed, but in the case of soda soaps it is usual to 
employ the carbonate as being much cheaper than 
caustic soda. By the use of the fatty acids, there is, 
of course, no glycerine to separate, and consequently 
no lye need be separated, unless there are impurities in 
the materials which it is necessary to remove in this way. 
If, further, the splitting of the oil or fat has been carried 
to completion, there is no necessity to add any excess 
of alkali or boil-on-strength [vide infra ) ; but the fatty 
acids are merely neutralised exactly with sodium car- 
bonate, any excess of water evaporated off, and the soap 
is then ready to run either into the crutch for addition 
of any perfume or other material, or direct into the 
frames. Unfortunately, the fat-splitting processes, as 
at present carried out, do not usually decompose the 
whole of the fat into fatty acids and glycerine; and 
since neutral glycerides are not saponified by alkaline 
carbonates, and only completely by an excess of caustic 
alkali, the process as usually carried out consists in 
first neutralising the free fatty acids with sodium 
carbonate, and then proceeding with the boiling- 
on-strength, removal of half-spent lye, and fitting 
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operations, as described for a * * Boiled " Soap (p. 42). A 
steel or iron pan, fitted with open and closed steam 
coils, or steamTjacketed in place of the closed coil, is 
required for the purpose, and either a portion or the 
whole of the sodium carbonate solution required for 
the saponification is first introduced. This is made by 
dissolving soda ash in water until the solution reaches 
a density of 53° Tw. Some soap makers prefer, instead 
of introducing the whole of the sodium carbonate at 
the beginning, to place only half in the pan to com- 
mence with and then, as saponification proceeds, add 
the remainder in the" form of dry soda ash, little by 
little, after each addition of fatty acids. The fatty 
acids to be saponified are melted together, including 
any rosin, and the mixture gradually run into the 
sodium carbonate solution previously raised to the 
boil, the boiling being constantly maintained through- 
out. Fatty acids are stronger than carbonic acid, so 
that the whole of the carbon dioxide from the soda ash 
is expelled, and the rapid evolution of gas thus pro- 
duced requires careful control, or the soap will tend 
to froth over. This is prevented by agitating with 
open steam, or by the use of a mechanical agitator, and 
by regulating the flow of fatty acids into the pan. 
The amount of soda ash required is preferably pre- 
viously determined in the laboratory from the acid 
value of the stock to be saponified, but it may be 
usually taken as about 19 per cent, of the stock. 
Having completed this stage of the process and boiled 
out the carbon dioxide, the soap is then ready to be 
boiled on strength with strong caustic soda lye. The 
saponification may be carried out entirely with caustic 
soda, when about 14*5 per cent, of the stock is required, 
and this should be dissolved in water to a lye of about 
32° Tw. strength. By the ulife'of caustic soda, the risk 
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of frothing over is, of course, avoided, and for this 
reason some soap-makers prefer it; but, as already 
pointed out, it is much cheaper to employ soda ash. 
This method has long been used for the saponification 
of red oil ” or oleine for production of soap for certain^ 
textile purposes, such as scouring Woollen fabrics, which, 
prior to spinning, are oiled with olive oil or oleine. 
It is now being increasingly used in the manufacture 
of ordinary soaps, and especially for soft soaps, as in 
the latter case it is. the only process which does not 
involve leaving the glycerine in the soap. 

A process of soap-making which can be carried out 
very expeditiously, and involves no boiling nor any 
very considerable plant, is that known as the cold pro- 
cess, In this process the fatty “ stock is merely 
raised a little above its melting-point and vigorously 
agitated or crutched with a strong solution of caustic 
soda until saponification begins to take place, when the 
heat of reaction causes the temperature to rise, and the 
mass is set aside for a few hours and saponification 
allowed to proceed spontaneously until complete. 
In this method, everything that enters the pan remains 
the soap, there being no separation of impurities as 
m the case of spent lyes, half-spent lyes, or nigres, nor 
elimination of water by evaporation or in nigres — con- 
sequently the materials must be perfectly pure, and 
the soda lye must be very strong, about 68-72® Tw, 
according to the nature of the fats. This use of 
strong alkali for saponification has involved the employ- 
ment in the soaps of a large proportion of coconut oil, 
which is the only fatty material capable of ready 
saponification by such strong lyes. Once saponifica- 
tion is started, the emulsifying power of the soap 
formed facilitates the saponification of the more resist- 
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with considerable quantities of tallow, cotton oil, or 
other fatty matter. It is important that the fatty 
material should be as neutral as possible, any excessive 
amount of free fatty acids causing the soap to be gritty, 

" due to the immediate combination of the free acids 
with alkali to form so*ap grains, which separate out and 
may enclose free fat or alkali, and, as the temperature 
is never raised sufficiently to melt them, the resultant 
soap never becomes homogeneous. This effect is some- 
times described as “ bunching."' The only plant 
required for carrying out the process is a steel pan, 
preferably steam-jacketed; and for small quantities the 
soap may be hand-crutched, but for larger batches of 
soap a mechanical crutch is necessary. The fatty stock 
is first introduced into the pan and heated to the 
required temperature, which varies with the nature of 
the stock and the time of year, it being necessary in 
winter to raise the temperature somewhat higher — 
about 20® F. — ^than in summer to allow for more rapid 
cooling. For coconut oil alone, a temperature of about 
75® F. is sufficient in the summer, whereas a mixture 
of coconut with tallow in equal proportions wfil require 
to be raised to about 100® F., and for other blends of 
stock, other suitable temperatures have to be deter- 
mined. It is found preferable, on the other hand, to 
keep the temperature of the soda lye approximately 
constant at 75® F. both in summer and winter. The 
temperature of mixing should only be raised sufficiently 
high to enable the whole of the ingredients to be 
thoroughly admixed or crutched, too high a temperature 
having an injurious effect on the grain of the soap. 
Having raised the fat mixture to the requisite tempera- 
ture, the caustic soda lye is run in fairly rapidly, the 
whole mass being vigorously crutched all the time. 
As has already been explained, the caustic soda lye 
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has to be very strong, ranging from about 60° Tw. for 
mixtures of tallow and coconut oil, to 70° or 72° Tw. 
for coconut oil only, a slightly lower strength of 68- 
70° Tw. being suitable for a mixture of tallow and 
coconut oil with castor or other oil. The quantity of 
lye theoretically necessary for saponification should be 
determined in the laboratory, and the exact quantity 
added to the contents of the pan; but a rough rule used 
by some soap-makers is that the quantity of lye 
required is half the weight of the original fat charge. 
When air the caustic soda lye has been run in, the 
crutching is continued either by hand on the small 
scale, or mechanically on the larger scale, until a mark 
made on the surtace: of the soap remains for a short 
time, and the soap when examined on a trowel appears 
perfectly homogeneous. This will take from 15-45 min. 
according to the size of batch, nature of material, and 
method of crutching; it is important that the crutching 
should be sufficient, otherwise there may be a separa- 
tion of oil and lye when the soap is transferred to the 
frames. Any liquoring or filling material, silicate of 
soda, sodium carbonate, sodium chloride, French chalk, 
starch, etc. — the use of which is dealt with later — is 
best added at this stage, and the soap again thoroughly 
crutched. If not to be filled, any colour and perfume 
is rapidly mixed in, and the soap immediately run into 
the frames, which should be small — only about 2| cwt. 
capacity. The frames, which are preferably of wood, 
are covered with sacking to prevent too rapid cooling 
of the soap, the object being to promote as complete 
saponification as possible. After remaining in the 
frames for two or three days, the soap will be cold, and 
is then ready to strip and cut up, as described later. 
Since fats and oils can never be completely saponified 
without an excess of alkali, and it is obviously 
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impossible to add such an excess to a cold process soap 
without getting a strongly alkaline soap, it unfortunately 
follows that cold process soaps always contain smaTI 
amounts of free fat and uncombined alkali; but coconut 
oil, which, as before mentioned, enters largely into the 
composition of cold process soaps, is more completely 
saponified than any other fat under these conditions. 

The presence of free fat in a soap renders it particularly 
liable to go rancid, and uncombined alkali has, of 
course, an irritating action on the skin, so that cold 
process soaps, though still largely made, cannot be 
regarded as satisfactory for toilet purposes; and the 
fact that the glycerine in the fats is not recovered, but 
left in the soap, is a further disadvantage of the process; 
indeed, its only advantages are the ease and rapidity 
with which it can be carried out. The cold process of 
saponification finds one of its most important uses in 
the preparation of cheap transparent soaps (as is 
described on p. 70). 

The most important method of soap-makirig, and 
which we will now describe, is that known as the 
" Boiling Process." This is the method by which by 
far the larger proportion of both hard household and 
toilet soaps are made. It involves at least three, and 
usually four, distinct operations, viz.: (1) pastirig; (2) , 

graining out; (3) boiling on strength; and (4) fitting or | 

settling. The ^-called Curd and Curd Mottled Soaps i 

are not " fitted,” but only go through the first three j 

of the above-mentioned operations. ' 

Pasting 

This constitutes the preliminary saponification during 
which the greater part of the fat is saponified. It is 
carried out in what is called the soap-pan or kettle, 
a mild steel vessel which may be either rectangular or 
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cylindrical in shape, with a tapering or conical bottom 
and having a capacity of anything from 5 to 100 tons. 
Cylindrical pans are usually found more satisfactory in 
practice, and a 60 or 70-ton batch of soap is more con- 
venient to handle than larger quantities. A usual type 
of soap pah* ia ’'shown in Fig. el. The pan must be 
fitted with both open and close steam coils, have a 
cock at the bottom for drawing off the glycerine 
lyes, and a swivel pipe for skimming off the finished 
soap. It is necessary to use only a very weak soda 
lye at the commencement of the pasting operation, 
as the initial saponification is difficult to induce and is 
considerably retarded by strong caustic lyes. The most 
suitable strength depends on the composition of the 
fatty stock to be saponified, being lowest in the case 
of tallow and highest for coconut oil. Generally speak- 
ing, however, it will be found satisfactory to start with 
a caustic soda lye of about 15® Tw. (7 per cent, by 
weight sodium hydroxide). Alkali of this strength and 
the melted fats are run into the pan, either separately 
or together, care being taken that too much alkali is 
not added at once, or it may tend to “ cut or grain 
out'' the soap, and the mixture boiled up with open 
steam. If saponification does not soon commence, as 
shown by the formation of an emulsion, it may be 
assisted by the addition of some soap scraps, which 
serve to emulsify the fat, and so promote intimate 
contact between it and the alkali. Once saponification 
has started, the boiling is continued, with occasional 
addition of slightly stronger caustic soda solution 
{30® Tw. or 13| per cent, by weight sodium hydroxide), 
the contents of the pan being tested from time to time, 
first, as to greasiness when pressed between finger and 
thumb, and, second, as to any ‘'bite" when tasted. 
When all greasiness has disappeared, and the soap 
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produces a distinct stinging sensation on the tongue, 
sufficient alkali has been added, and the soap is ready 
for the second operation of graining. 

Graining 

This depends on the fact, already referred to, that 
all soaps, except those of coconut^'and palm kernel oils, 
are insoluble in moderately strong solutions of common 
salt. If, therefore, to a solution of soap one adds salt, 
either solid or in the form of brine, the soap is thrown 
out of solution as a granular mass, which gradually 
separates at the top, leaving the strong saline solution 
underneath. This process, known as graining, was 
originally used for the purpose of purification, as in the 
case of preparation of cotton soap stock from cotton 
foots {see p.T3); but its most important feature now is 
that it enables the glycerine, liberated from the fats 
during saponification, to be separated from the soap 
and recovered. The solubility of soap in salt solution 
varies a good deal according to the kind of fat from which 
it is made, tallow soap, for example, being less soluble 
than a cottonseed oil soap, and consequently more 
easily grained out. The amount of salt necessary for the 
purpose consequently varies somewhat, but it may be 
taken that 5 per cent, salt on the fat saponified will, 
in general, be ample. The graining process is carried 
out immediately the pasting stage is completed, by 
adding either salt or brine, and vigorously boiling until 
the granular soap rises to the surface. Boiling is then 
stopped and the contents of the pan allowed to rest 
for several hours, preferably overnight, when the soap 
will have almost completely separated from the salt 
liquor underneath. Glycerine being readily soluble in 
water, even in the presence of an excess of salt, it is 
removed for the most part from the soap, and separates 
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in the salt solution. This liquor, which is usually 
known as '' spent lyes,'' is now run of! through a cock 
at the bottom of the pan, either direct to the glycerine 
recovery department or into suitable vessels for transfer 
‘to this department. 

Where a soap con^sts largely of coconut oil, salt, 
of course, cannot be used for graining; and in this case 
it is ‘usual to employ caustic soda solution for the pur- 
pose. As the glycerine lye withdrawn is then very 
strongly alkaline, the glycerine is not recovered at once 
as in the case of spent lye, but it is treated as " half- 
spent lyes " {see 43), and used for the pasting of 
fresh fatty material. Sodium sulphate will also grain 
soap out of solution, but is not so efficient as sodium 
chloride, and is not used technically. 

It may be mentioned here that one cannot grain out 
a potash soap, or a mixture of soda and potash soaps 
with salt, as potash soap is immediately decomposed 
by salt solution with formation of soda soap and 
potassium chloride. The question of mixing soda and 
potash soaps as required for shaving soap is dealt with 
under " Shaving Soap " (p. 83). Spent lyes usually 
contain from 4 to 8 per cent, actual glycerol, 12 to 
20 per cent, sodium chloride, and up to 1 per cent, 
sodium carbonate. If the pasting operation has been 
properly carried out, there should not be more than 
the merest trace of caustic soda, otherwise too much 
alkali has been used at this stage; and not only is this 
wasted, but, as it requires to be neutralised by acid 
during recovery of the glycerine, a corresponding 
quantity of acid is wasted also. The recovery" of 
glycerine from spent lyes is fully described in 
Chapter VII, and constitutes one of the most romantic 
features of the industry, as for many years these lyes 
were simply run into the sewers as useless waste 
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products, whereas now they constitute the chief source 
of profit to the soap-maker— at any rate, in the case of 
the cheaper household soaps; and in time of war, when 
all the glycerine possible is required for the manu- 
facture of explosives, the manufacture of soap is 
encouraged as much as possible r for the sake of the 
glycerine thereby produced. 

After withdrawal of the spent lyes, the granular soap 
(“open soap,” it is usually termed) is “closed,” i.e. con- 
verted once more into a homogeneous or pasty state 
by either adding water and boiling, or by boiling with 
open steam, when the condensed steam closes the soap. 
The closed soap is then ready for the third operation of 

Boiling-on-Strength 

or, as it is called in America, the strength change. 
This is one of the most critical stages in the process, 
the object being to effect complete saponification of any 
fatty matter not saponified during the pasting opera- 
tion. It is carried out by gradually adding successive 
small quantities of strong caustic soda solution (32|° Tw. 
or 14| per cent, by weight sodium hydroxide) and 
boiling vigorously with closed steam, the addition of 
alkali and boiling being continued until the alkali, no 
longer being absorbed, gradually begins to grain the 
soap out of solution. This boiling should on no account 
be hurried, but the process allowed to take its time so 
that the last traces of fat are saponified. A slight 
further excess of alkali is added, and the boiling con- 
tinued until, when allowed to fall from a wooden shovel, 
the soap is seen to be sufficiently open and flaky. 
Steam is then shut off, and the contents of the pan 
again allowed to rest several hours, or over night, when 
the open soap will again have come to the top, leaving 
an alkaline lye underneath. This alkaline lye contains, 
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in addition to the caustic soda, a small amount of 
glycerine, partly from the fat not saponified in the first 
operation, and partly due to the soap mechanically 
^retaining some glycerine in the graining operation, and 
also a certain amount of salt retained by the soap after 
graining. Its average composition is about 5-6 per 
cent, sodium hydroxide, 1 to 2 per cent, sodium car- 
bonate, about 3 per cent, glycerine, and 4-6 per cent, 
salt. It is not customary to recover the glycerine at 
once from this half-spent lye,"' as it is comparatively 
low in glycerol-content; and not only would the caustic 
soda present be wasted, but also the acid required to 
neutralise it — ^a point which has already been men- 
tioned when discussing the presence of caustic soda in 
spent lyes. Instead of transferring these lyes to the 
glycerine department therefore, they are kept in the 
soapery and used in conjunction with fresh alkali lye 
for the preliminary pasting of a new batch of fatty 
material, the spent lyes recovered therefrom being 
richer in glycerine than they would otherwise be, to the 
extent of the glycerine present in the '‘half-spent 
lyes.*' 

Having run off the “ half-spent lyes from the soap, 
the latter, which is now again in the open or granular 
state, is very carefully closed by adding water and 
boiling with open steam until the soap just reaches a 
definite degree of closeness, which depends on the 
quality of soap being made and on the treatment it is 
to subsequently undergo. This operation is termed 
“ fitting ” in this country and the “ settling change '' 
in America, and the resulting soap is designated a 
“fitted'" soap or a “settled" soap accordingly. The 
great object of fitting is to leave the soap just suffi- 
ciently open for a further purification to take place by 
settlement, it having been found that, by leaving the 
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soap just open, a considerable quantity of inferior soap 
(known as nigre settles at the bottom, leaving a 
much cleaner and purer soap at the top. As the water 
is gradually added, the closeness of the soap is tested, 
from time to time by observing how the soap falls off 
a wooden shovel, and, speaking generally, the right 
point is reached when the soap leaves the shovel readily 
in a few large flakes. This constitutes what is called a 
“ coarse fitted soap, as distinguished from a '' finely '' 
fitted soap, which is almost close and only drops ofi the 
shovel with difficulty. 

When sufficient water has been added to bring the 
soap to the desired condition, it is given a good boil 
up to render it as bulky as possible, which facilitates 
the separation of the nigre, after which steam is shut 
off, the pan covered, and its contents allowed to rest. 
The nigre begins to separate after about 48 hours, but 
the soap has to be left for several days, usually from 
four to six days, the time necessary depending on 
various factors; notably the size of the boil, the nature 
of the raw materials used, and the atmospheric 
temperature. 

After standing the requisite time, the contents of the 
pan separate into four distinct layers — at the top, a thin 
frothy crust, underneath, which is the good soap, which 
should form about 80 per cent.; and below this again is 
the impure soap or nigre, amounting to some 15-20 per 
cent.; while at the bottom of the pan there will be a 
small quantity of alkaline solution, containing sodium 
carbonate and chloride, together with a little caustic 
soda. 

The soap is then ready to be cleansed [ix. separated 
), and run off either into the crutching 

.■.53h:br '^direct ; 
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top of the pan is first skimmed off, and then the good 
soap run off through the swivel pipe, whence it flows, 
preferably by the action of gravity, along wooden 
gulleys which discharge into the crutching pan or 
frames. 

■fli ■ 

It is a noteworthy fact that, whatever material is 
used for making the soap, the good soap produced by 
the above series of operations, viz., pasting, graining, 
boiling-on-strength, and fitting, invariably contains 
some 62-64 per cent, fatty acids, 8 per cent, alkali, 
and 30 per cent, water; and it is impossible to produce 
a genuine boiled and fitted soap with less than 62 per 
cent, fatty acids. 

The nigres usually contain about 30 per cent, fatty 
acids. As already mentioned, they should amount to 
about 20 per cent, of the contents of the pan, but the 
proportion varies considerably, according to the amount 
of free alkali left in the soap after removal of the half- 
spent lye '' and the quantity of water added during the 
fitting operation. If too much water is added, the 
proportion of nigre becomes too large; while if the 
quantity of water added is too little, the fit becomes 
so coarse that there is no definite separation of nigre 
at all, but only a little lye at the bottom, and the lower 
part of the soap is somewhat darker coloured than 
the rest. 

These nigres remain in the pan after the good soap 
has been removed or, as it is termed by the soap boiler, 
“ cleansed." This cleansing will be dealt with later, 
but it will be convenient to describe here the various 
methods used for the disposal of nigre. Of course, the 
quality of the nigre necessarily varies enormously 
according to the nature of the raw materials used in 
the soap from which they separate. Thus if a high- 
class milling or toilet soap is being made, and best 
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Australian tallow and Cochin coconut oil have been 
used in its preparation, the nigre which separates can- 
not contain much impurity. The nigre which separates, 
on the other hand, from a cheap household soap, made 
perhaps from bone fat or melted stuft, cotton or other 
oil, and rosin, may be quite dark in colour, and contain 
a good deal of impurity. The nigres are first boiled with 
water and grained out with salt, the separated lye 
removed for subsequent use as '' half-spent ” lye, and 
the soap remaining treated in one of the following ways. 
Probably the simplest method of utilising nigres in a 
works where ail classes of soap, from the highest to the 
lowest, are manufactured, is to add the nigre to the soap 
pan in which the next lower grade soap is being made. 
Thus the nigre from a No. 1 milling or best quality toilet 
soap would be added to the pan in which a second 
quality milling soap was being made. The nigre from 
this soap would, in its turn, be added to soap of the next 
lower quality and so on down the scale, until, finally, so 
dark a nigre is obtained that it can only be used in a 
brown bar soap. Another plan is to accumulate nigres 
from several batches of soap of the same quality, and 
then grain and fit them, thus producing a soap somewhat 
inferior to that from which the nigres were themselves 
first separated. A third method is to keep the nigres in 
the original pan, add fresh raw material, and carry 
through another boil. In this case, the impurities are 
gradually concentrated, and the nigre becomes too dark 
to use again without injuring the colour of the separated 
soap. Finally, it has been proposed to bleach nigres, two 
reagents having been recommended for the purpose 
(1) sodium peroxide, which is a very powerful oxidising 
agent, but rather a dangerous substance to have in 
contact with organic matter, as explosion may take 
place; and (2) stannous chloride, a 20 per cent, solution 
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of wMcli is used, in the proportion of 0*25 per cent., 
on, 'the nigres.' ' 

It may be useful at this point to describe one or two 
^methods which are used or have been suggested for the 
bleaching of the whole mass of soap in the pan. It is 
the general practice to bleach the oils and fats before 
saponification by the methods shortly described under 
each particular oil in the section dealing with “ Raw 
Materials, but some soap makers make use of certain 
bleaching agents to improve the colour of the soap 
itself. Among these may be mentioned sodium hydro- 
sulphite, or “ blankite,"' which is a powerful reducing 
agent, the persulphates of ammonia, soda or potash, 
or “ palidol,” energetic oxidising agents; and ozonised 
air, which also bleaches by oxidation. It is better to 
bleach the soap after separation of the spent lye, as this 
effects a preliminary purification. The soap is then 
just closed and the bleaching agent introduced. In the 
case of blankite, this is readily soluble in water, and is 
added dissolved in about five times its weight of cold 
water at the rate of about 0*3 to 0-5 per cent, on the 
fat, when the soap is almost immediately bleached. 
Of the three persulphates, the ammonia salt is readily 
soluble in water and can be added in solution, but the 
sodium and potassium compounds are much less soluble, 
and are, therefore, generally added in the form of a 
paste. All three salts bleach by the liberation of 
oxygen, but the ammonia salt develops a strongly 
ammoniacal odour which renders it unsuitable for use 
in many soaps. The quantity of reagent required is 
from J to 1 per cent, on the fat, and during its addition 
the soap must be thoroughly agitated, and afterwards 
well boiled. The bleaching action persists for some 
time, and it is better, therefore, to add the palidol in 
the afternoon and leave the reaction to go on till the 
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next morning before proceeding further with the manu- 
facture of the soap. A small amount of alkali is 
absorbed during the process, and this must be made 
good by further addition of alkali before the soap is* 
finished off. Palidol cannot be, used to bleach soaps 
containing any considerable quantity of rosin, but for 
such soaps blankite is claimed to be effective. Both 
blankite and palidol may also be used for bleaching 
soft soaps. 

The use of ozone for bleaching soap in the pan is 
suggested by De la Coux, who recommends bubbling 
ozonised air through the mixture of fat and alkali in 
the pan during the process of saponification. 

Another important method of saponification is that 
employed in the manufacture of Soft Soap. 

For the production of the ordinary potash soft soaps, 
the fatty stock usually consists largely of linseed oil, 
often blended with other oils, such as cottonseed, soya 
bean, maize, rice, or nigerseed, and sometimes admixed 
with tallow, palm oil, or rosin. For use in the textile 
industries, soft soaps are sometimes prepared from olive 
oil for the best goods, and from oleic acid or “ red oil 
for less expensive materials. In Scotland, marine 
animal or fish oils are frequently used; and on the 
Continent, hempseed oil is a favourite soft soap 
material. 

Soft soaps may be divided into two classes: those 
which, on keeping, remain clear and transparent; and 
those which gradually develop what appear to be star- 
like crystals from the sides to the centre of the soap, 
a change which is termed figging,"' and which has 
been generally attributed to the crystallisation of solid 
soaps of the harder fatty acids from out the colloidal 
mass of the soap. 

Figging was at one time considered a guarantee of 
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good quality, but this is no longer so; and the best soft 
soaps may not show any tendency to fig, while inferior 
soaps may show quite a marked fig. It is almost 
entirely a question of composition; fats or oils with a 
fairly high titre ^containing a fair proportion of 
solid fatty acids) will give figging soaps; or the figging 
effect may be brought about by mixing a small pro- 
portion, up to 25 per cent., of soda with the potash for 
the saponification. The addition of rosin to the stock 
tends to soften the soap, so that more soda is then 
required; but although soda is always cheaper than 
potash, this is not really an economy, as soda soap will 
not take up so much water as potash soap, and the 
yield is consequently reduced. The average yield of 
soft soap is about 240 parts from 100 parts neutral oil, 
as compared with a yield of about 150 parts of hard 
soap, whether made by the cold process or the boiling 
process. Soft soap is generally made by first intro- 
ducing the fatty material into a pan fitted with open 
and close steam coils. This is then boiled up with wet 
steam, and a dilute caustic potash solution of about 
15-20® Tw. (9-12 per cent.), or a mixture of caustic 
potash and caustic soda of about the same strength, 
gradually added, the contents of the pan being gently 
boiled all the time. When saponification is well started, 
a stronger alkali lye of, say, 40® Tw. may be run in— 
a little at a time — this being continued with steady 
boiling, until the oil is completely saponified, which is 
indicated by the soap becoming close and remaining 
slightly alkaline to the taste. It is usual to test the 
progress of the saponification from time to time by 
examining a spot of the cooled soap on a glass plate. 
The correct state is reached when the spot is smooth, 
homogeneous, and transparent; if unsaponified oil is 
still present, the spot will have a dull, greasy edge. 



while if it has a slightly granular appearance and slides 
about the glass, too much alkali has been added; in 
either case/the defect may be remedied by adding more 
alkali or more oil, as the case may be, and boiling 
further. When the saponification is satisfactorily com- 
pleted, a small amount of pearla& solution is generally 
added, which is found to improve the appearance of 
the finished soap; and all that is then necessary to 
complete the soap, is to boil off any excess of water, 
the evaporation being continued until the soap is no 
longer stringy when tested between finger and thumb. 
Any rosin can be melted up in the oils prior to saponi- 
fication and all saponified together, or it may be kept 
back until the oils have been saponified, and then added 
with further alkali, any neutralisation being affected by 
means of rosin. The latter method has the advantage 
that the time of boiling necessary is reduced and a 
better coloured soap is thus obtained. 

As soon as the excess of water has been driven 
off, the soap is in a fit condition to be run into 
casks or tins, ready for sale. Soap made from 
neutral fats or oils by the above process necessarily 
contains all the glycerine from the stock, and this 
undoubtedly helps to improve the appearance of the 
finished article. 

A good soft soap should contain about 40 to 44 per 
cent, fatty acids, and about 7 per cent, combined 
alkali, calculated as potassium oxide (KgO); the free 
alkali, caustic and carbonate, should not exceed 1 to 
1-5 per cent, calculated as KgO. 

Much of the soft soap on the market does not nearly 
conform to the above standard for a good soap, the 
fatty acids frequently being as low as 35 per cent., or 
even less; while the free alkali sometimes rises to 2 or 
3 per cent. A certain amount of cheap soft soap is 
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also made, containing considerable quantities of liquor- 
ing or filling material, such as sodium or potassium 
carbonate or silicate, potassium chloride, starch, or 
Irish mass, the fatty acids in some cases being reduced 
to well under 20 per cent. In making such soaps, the 
soap is run into the csutching pan as soon as saponi- 
fication is completed, and the liquoring or filling material 
thoroughly crutched into the soap. 

Another method for the manufacture of soft soaps 
is by the direct neutralisation of fatty acids. The use 
of fatty acids for the purpose has been steadily increasing 
during the last ten years, the process of saponification 
being carried out exactly as already described on pages 
32 et seq. except that where potash soap is being made, 
caustic potash is generally used rather than potassium 
carbonate, and that there is no strength boil, and no 
fitting, the soap being tested with the glass plate for 
completion of saponification, and finished off in the 
same way as has just been detailed above for the pre- 
paration of soft soap from neutral glycerides. This 
method of soft soap-making came much more into favour 
during the European War, owing to the importance of 
recovering the glycerine from the fatty material; and, 
for the soda soft soaps made at that time, the nature 
of the fatty acids employed had also to undergo con- 
siderable alteration, a large proportion of the fatty 
acids formerly used (linseed, soya bean, etc.) with titres, 
in the neighbourhood of 18-20° C., being replaced by 
castor oil fatty acids with a titre of about 2-3° C. ; and 
by carefully saponifying a blend of such fatty acids with 
soda only, a soft soap was obtained practically the same 
in appearance and consistency as the ordinary potash 
soft soaps. 

Soft soap is official in the British Pharmacopoeia 
under the name of Sa-po mollis, which is required to be 
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made from olive oil and potassium hydroxide, except 
in India, and in the Eastern, African, Australasian, 
and North American Divisions of the Empire/' where 
arachis or sesame oils may be substituted for olive oil. 
The soft soap of the United States and German- 
Pharmacopoeias is required to ^be made from linseed 
oil. 

The four above-described processes include those by 
which practically all the soap of commerce is made. 
The only other methods for the production of soap 
which need be mentioned, and which are of much less 
importance, are those sometimes referred to as methods 
of “ double decomposition " and those of saponification 
under increased or diminished pressure. 

The chief double decomposition method is that Imown 
as the Krebitz process (Eng. Pats. 4092, 1905, and 
27297, 1911), in which the fatty stock is completely 
saponified by boiling with 12-14 per cent, lime under 
ordinary atmospheric pressure, and the lime soap 
allowed to cool slowly to a soft porous mass, which is 
ground up and extracted with water to wash out the 
glycerine. The powdered lime soap is then gradually 
added to a boiling solution of sodium or potassium 
carbonate, and produces a hard or soft soap accordingly, 
which goes into solution, leaving insoluble calcium 
carbonate at the bottom of the pan. 

Another process of double decomposition patented a 
few years ago by some Italian chemists consisted in first 
saponifying the fats with ammonia under pressure, and 
then centrifuging a mixture of the ammonia soap with 
sodium or potassium carbonate, when the soda or 
potash soap separates from the ammonium carbonate 
solution. 

Attempts have been made from time to time to 
facilitate the process of saponification by carrying it 
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out under increased pressure or in vacuo; but these 
have, so far, met with little success, though it is claimed 
that by such means the time required to make the soap 
is very materially shortened. One of the more recent 
methods for saponification under pressure is that 
devised by W. A. Gra^nt (Eng. Pat. 8674, 1909), who 
employs a convertor rotating on a vertical axis, with 
stiiring gear inside, and in which the raw materials are 
mixed together under increased air pressure. Saponi- 
fication in vacuo was patented by Ha5rwood (Eng. Pat. 
759, 1901), who heated the fat and alkali in a steam- 
jacketed vacuum boiler fitted with a complex system 
of agitators. By both these methods, if neutral stock 
is used, the glycerine from the fatty material is left in 
the soap, just as in cold process soap, and this, of course, 
is an objection; in the case of saponification of fatty 
acids, on the other hand, the soap forms so readily that 
there is no object in ping to the trouble of either 
increasing or diminishing the ordinary atmospheric 
pressure. 

Addition of Neutralising Material, etc., 

TO Soap in Crutching Pan 

Reference has already been made to the addition of 
various substances to soap in the crutching pan. By 
the term ‘ crutching ” the soap-maker merely means 
mixing, and a great variety of devices are in use for 
the purpose. The simplest forms of crutch are of 
wood, and used by hand; two common types are (1) 
a rectangular piece of wood with a handle fixed in the 
centre at right angles, and holes cut in the wood on 
each side of the handle, the whole being moved up and 
down in the soap mass, when the passage of soap 
through the holes facilitates the mixing; and (2) a long. 
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flat piece of wood, not unlike an oar with an enlarged 
blade, and also having holes cut in it, which is moved 
to and fro in the soap. These are suitable for mixing 
small batches of soap or for crutching the soap after 
it has been transferred from the pan to the frames. 
For crutching large quantities of soap, however', 



A PAIR OF SOAP CRUTCHERS WITH CLUTCH. SPECIALLY 
DESIGNED FOR INTIMATE BOTTOM TO TOP STIRRING OF 
CONTENTS 


mechanical apparatus, termed crutching pans, are 
generally employed. These consist of steel pans, 
usually steam jacketed, and with a slightly conical 
bottom, and fitted inside with a variety of blades 
which, rotating in different directions, churn the soap 
up; or sometimes, instead of the agitating gear, an 
Archimedean screw rotating in a central cylinder forces 
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the soap up all round it (Fig. 2). The use of this appara- 
tus has already been alluded to for the incorporation of 
filling material in soft soaps. It is also very largely 
utilised for addition of various substances to all kinds 
of soaps, and it is convenient to place the crutching i 

pan in such a positic^n that the soap from the soap 
pan, when cleansed, may flow by gravity directly ( 

into it. The specific additions to particular soaps will i 

be referred to later, but this is probably the most suit- 
able point at which to add neutralising material to all \ 

classes of soap in order to remove any excess of free I 

alkali left after the fitting operation. 

A large number of materials have been proposed from 
time to time for neutralising free alkali, some of which 
remove caustic alkali only, while others neutralise both 
caustic and carbonated alkali. Comparatively few of 
these are used in practice, however, those most com- 
monly employed being coconut oil, which, by its saponi- 
fication, removes caustic soda; oleic acid or, much 
better, stearic acid, both of which convert caustic and 
carbonated alkali into soap; sodium bicarbonate, which, 
while destroying caustic alkali, increases the carbonate; 
and boric acid, which combines with both caustic soda 
and sodium carbonate to form sodium metaborate. 

The boric acid may be added dissolved in water, or as 
a saturated glycerine solution containing about 16 per 
cent. acid. Boric acid and stearic acid are the most 
satisfactory reagents to employ, as coconut oil and oleic 
acid tend to make the soap liable to go rancid on keep- 
ing. Sodium bicarbonate is only to be recommended 
in cases where sodium carbonate is not objectionable, 
as when the soap is to be used with very hard water 
or for laundry purposes. Rosin, finely crushed, is 
occasionally used as a neutralising agent, converting 
both caustic and carbonated alkali into rosin soap. 

5 — (1466 A) 
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Among other substances suggested for the purpose may 
be rnentioned the albumen separated from egg, milk 
(casein), or vegetable matter. To properly neutralise 
a soap, a sample should be taken and tested for the 
proportion of free alkali, both as caustic and carbonate- 
and from these results and a knowledge of the total 
quantity of soap, the amount of neutralising material 
required may be accurately calculated. All except the 
lowest grade household soaps, or soaps to which it is 
intended to add carbolic or cresylic acid, should be free 
from caustic soda.^ The permissible limit for sodium 
carbonate varies within very wide limits according to 
the quality of the soap. Generally speaking, it may be 
taken that in a first-class toilet or milling soap it should 
not exceed O’l per cent. NagO; a lower quality toilet soap 
may contain up to 0-25 per cent.; household soaps of 
the washer type may have 0*25 per cent.; while cheaper 
household soa,ps, which are liquored with sodium car- 
bonate solution, are sometimes met with, containing 
as much as 3-4 per cent., all expressed as NagO. 

Having now fully described the general methods of 
soap-making, it remains only to point out the special 
features of their apphcation to the production of the 
various kinds and qualities of soap. 


Curd Soaps 

As already mentioned, these are made by the boiling 
process as far as the strength boil, but are not fitted. 
They usua.lly contain a large proportion of tallow 
admixed with a little coconut or other oil. The strength 
boil is carried out with closed steam, and the boiling 
continued until there is no froth on the top. The soap 
IS then allowed to cool for a few hours, when it is run 
into frames. Such soap is necessarily apt to be rather 
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Strong in alkali and is, therefore, not suitable for toilet 
purposes. 


Mottled Soaps 

There are two distinct classes of these, viz., genuine 
mottled soap, in which the impurities from the raw 
materials used — principally insoluble metallic, soaps — 
produce the mottling; and artificial mottled soap, in 
which the mottling is effected by the addition of cop- 
peras, ultramarine, or manganese dioxide, according 
to the colour of mottle required. In these days of 
much purer caustic soda than formerly, sufficient colour 
is not always present even in the case of the genuine 
mottled soaps to dispense with the addition of further 
colouring material; but a genuine mottled soap will 
always contain not less than 61 per cent, fatty acids, 
whereas the artificial mottled soaps are heavily liquored 
soaps, and may contain as little as 20 per cent, fatty 
acids or even less. 

Genuine mottled soaps are generally prepared from 
low-grade tallow, bone grease, or kitchen grease, with 
a cheap quality caustic soda, and are made by the 
boiling process, being pasted, grained, and then boiled 
with strong lye; but as soon as saponification is found 
to be complete, the boiling is continued with close 
steam until the soap is just sufficiently open to mottle 
properly on cooling, this being a point which can only 
be determined by practical experience. When the right 
condition is reached, the soap is allowed to rest for an 
hour or two and then quickly run into wooden frames, 
and the frames covered with sacking in order to ensure 
slow cooling. This slow cooling of a mottled soap is 
exactly analogous to the steps the chemical manu- 
facturer takes to cool any liquid slowly, from which he 
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wishes to obtain large crystals. Mottled soaps may, 
in fact, be regarded as crystalline soap, the interstices 
between which are filled with the impure lye which 
constitutes the mottling. These soaps, like ordinary 
curd soaps, are apt to be very alkaline and are not, 
therefore, at all suitable for toilet purposes. 

A special class of mottled soap is that known as 
Marseilles Soap. This was formerly made from low- 
grade olive oil and impure soda obtained by burning 
seaweed, or barilla soda, the impurities being sufficient 
to produce a well-defined mottle. Nowadays, how- 
ever, these soaps are largely made from other oils than 
olive, such as coconut, arachis, and even sometimes a 
small proportion of tallow; and the mottling is generally 
obtained by the addition of artificial colouring matter 
— ^ultramarine for blue, copperas (ferrous sulphate) for 
red, and manganese dioxide for grey. In view of the 
fact that these soaps are generally hardened by treat- 
ment with sodium chloride solution, and usually con- 
tain only 60 per cent, (or rather under) fatty acids, they 
cannot strictly be regarded as genuine soaps, though 
they are not liquored to an 5 d;hing like the extent of the 
artificial mottled soaps described below. 

As the addition of excess of water to a genuine mottled 
soap destroys the mottled appearance, it was formerly 
considered that the fact of a soap being mottled was a 
proof that it was a genuine and not a liquored soap. 
The introduction of artificial mottled soaps has, how- 
ever, exploded this view, and the mottle no longer 
denotes either purity or otherwise. 

Artificial Mottled Soaps 

These may be made either by direct neutralisation of 
fatty acids, by the cold process, or by the boiling process, 


METHODS OF SOAF-MAKING 


59 


in the last case the soap being coarsely fitted or not fitted 
at all, according to the preference of the soap boiler. 

One of the best ioiown varieties of these soaps is the 
Blue Mottled or Esckweg soap, which may be made by 
any of the above’-mentioned methods, and usually con- 
tains a considerable proportion, up to 40 per cent., of 
coconut or palm kernel oil, or a mixture of the two, 
which not only promotes saponification if the cold pro- 
cess of manufacture is used, but also, owing to the 
hardness of coconut soap, allows of the addition of a 
large amount of liquor. The other materials employed 
consist of low-grade tallow or bone fat, bleached palm 
oil, and cottonseed or similar oil. When saponification 
has been completed, by whichever process is adopted, 
and, if by the boiling process, the spent lye withdrawn 
and the soap boiled on strength, the liquoring material 
is added to the soap, which should be distinctly alkaline. 
The liquoring material usually consists largely of silicate 
of soda solution, together with soda ash and brine, the 
composition and quantity added depending entirely on 
the nature of the fatty stock used in the soap. When 
sodium silicate alone is added, up to 25 per cent, of a 
Tw. solution is a suitable quantity; or if a mixture 
of brine and soda ash is used, 10 to 20 per cent, of a 
mixture of 3 parts salt solution at 38° Tw., with 2 parts 
solution of soda ash at. 32J° Tw., may be added. 

The mixture is thoroughly boiled with close steam 
until, when a sample is withdrawn and tested, it is 
found to be in a suitable condition for adding the 
colouring matter, which, for blue mottled soap, consists 
of ultramarine in the proportion of 3-3ilb. per ton. 
This may be either suspended in a small quantity of 
water or mixed up with a little of the soap, and sprinkled 
over the contents of the pan. The soap is then further 
boiled up until the colour is thoroughly distributed. 
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when it is run into wooden frames, and the frames 
covered to allow the soap to cool slowly. 

The preparation of other forms of artificial mottled 
soap is carried out in a similar manner to the above, 
grey mottled soap being produced by the addition of 
manganese dioxide or lamp blacl< and red mottled by 
adding copperas. Talc or other insoluble mineral 
matter is sometimes added to the cheapest mottled 
soaps; this is suspended in the liquoring solution and 
incorporated in the soap in this way. 

Where much oil, except coconut or palm kernel oil, 
has been used, and a large amount of liquoring added, 
the soap very often requires hardening by ''pickling'' 
in brine; and if the soap has a yellow colour, it is some- 
times pickled in a brine bath, containing 2 per cent, 
of bleach liquor, made by mixing 2 parts of soda ash 
solution with 1 part bleaching powder solution, both 
solutions having a density of 30® Tw. This whitens the 
general body of the soap, and shows up the mottling 
more effectively. 

The soap base to be converted into mottled soap is 
occasionally made by directly saponifying neutral stock 
with a slight excess of alkali, and separating no spent 
lye, half-spent lye, or nigre; but in this case, although 
the process is quicker, the glycerine is, of course, left 
in the soap and so wasted, so that it is a practice which 
cannot be recommended. 


Milling Soaps 


By these are meant soaps which are intended for 
toilet purposes, and are to be made into tablets by the 
milling process {i.e. the soap is partially dried, rolled 
into thin sheets, which are cut into ribbon; and then 
compressed into bars), as described under “ Toilet 


METHODS OF SOAP-MAKING 


61 


Soaps '" (Chap. IV). The raw materials used in these 
vary a good deal, according to the quality of soap it is 
desired to make. For the most expensive soaps, no 
better stock can be used than a mixture of 4 parts 
finest Australian tallow, with 1 part Cochin coconut oil. 
A much larger proportion of coconut oil is sometimes 
used, and occasionally toilet soaps are met with made 
entirely from coconut oil; but this is very objectionable, 
not only on account of the irritating effect, already 
alluded to, which coconut soaps have on sensitive skins, 
but also to the strong and characteristic odour which 
they are liable to develop on keeping, and which can 
only be effectively covered by the coarsest perfumes. 
For second quality toilet soaps, sometimes spoken of 
as No. 2 milling base, town tallow, or a mixture of town 
tallow and hydrogenised oil, may take the place of the 
Australian tallow; and Ceylon coconut oil may replace 
the more expensive Cochin oil, the proportion of coco- 
nut oil being the same as for the first quality toilet soaps. 
Some 15 to 20 per cent, arachis oil is sometimes used 
instead of the coconut oil; and a small quantity of pale 
rosin, WW quality, up to 5 or 10 per cent, may be used 
in coloured second-class toilet soaps, but is rather apt 
to spoil the whiteness of those intended to be sold 
without addition of colour. The addition of rosin 
increases the solubility and lathering power of the soap. 
Maize or cottonseed oil may be used in small quantities 
in the cheapest toilet soaps, and the proportion of rosin 
may be slightly increased beyond 10 per cent. 

Soaps to be sold with a violet perfume are frequently 
made from bleached palm oil, on account of the violet- 
like odour this imparts to the soap. It is better to 
blend the palm oil with about 10 per cent, coconut oil, 
Olive oil gives soaps which are very mild, but, while 
not of much use as detergents, they are excellent for 
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nursery soaps. For ordinary toilet purposes, a blend 

O ' d parts olive oil with 1 part coconut oil gives better 
results. 

^ Milling soaps are made by carrying through the 
boiling process in all its stages, great care being given 
to the strength boil to ensure' absolutely complete 
saponification._ Some soap makers remove any excess 
o alkalnby giving the soap one or two brine washes 
prior to fitting. This is carried out by just closing the 
soap after withdrawal of the half-spent lye, and then 
Doiling the soap up with sufficient brine to grain it out 
again The contents of the pan are aUowed to rest 
and the salt liquor, which separates and which take^ 
the excess of alkali with it, is drawn off, the closing 
and graining -with brine being again repeated if neces- 
sary, after which the soap is fitted as usual. By the 
use of these brine washes, free alkali is certainly reduced- 
but they have the disadvantage that they are apt to’ 
leave an excessive quantity of sodium chloride in the 
soap, which makes the soap short and brittle, and 
mill and compress, tablets of soap made 
from t being liable to crack badly in use. The amount 
of salt present m milling soap should not exceed 0-3 per 

Ties-WF ^ temperature 


Household Soaps 

There are several grades of household soap, the best 
being those of what is known as the “washer” or 
“cleanser" type, closely foUowed by the yellow bar 
soaps, sold under the names Primrose, Golden Pale. etc. 
Cheaper qualities are made by liquoring or “ running " 
these bar soaps with carbonate or silicate of soda or 
both, while a lower grade still is furnished by the brown 
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bar soaps. All these soaps are made by the ordinary 
boiling process, the closeness of the fit depending on 
the quality, and whether any silicate or carbonate of 
soda is to be added. They are also neutralised and 
coloured, if necessary, in the crutching pan. Genuine 
household soaps may Be run off from the pan at 165- 
170° F., but those which are to be liquored must be 
cleansed at a lower temperature — about 150° F. 

The washer soaps — usually stamped in twin tablets — 
are free-lathering soaps made from about two-thirds 
town tallow or a mixture of town tallow with hydro- 
genised oil, the remainder being made up of about 
equal proportions of coconut oil, rosin (WW or WG 
quality), and cottonseed, soya bean, or maize oil. The 
proportion of rosin varies according to the prices of the 
various raw materials, being increased as the cost of 
the other materials rises; in fact, the composition of all 
household soaps has to be very carefully and scientifi- 
cally regulated according to the market prices of the 
different oils and fats, so that not only the price 
be satisfactory, but also the texture and firmness 
of the soap. The proportion of rosin in washer 
soaps varies, as a rule, between 10 and 20 per cent. 
Another material sometimes used as a substitute 
for ordinary tallow in such soaps is Chinese vegetable 
tallow. 

Soaps of the “ washer type are usually perfumed 
by addition to the soap, in the crutch, of a few ounces 
of essential oils. Of course, only the cheaper oils are 
available for the purpose, those most generally employed 
being citronella, spike, lemon, or lime oil. 

The best type of bar soap is that known in the South 
and West of England as “ primrose soap,” and in the 
North as various kinds of pale soap — Golden Pale, 
“ Imperial Pale” etc. Such soaps are made from a 
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mixture of tallow and rosin, containing some 15 to 
25 per cent, rosin, and are good detergents, though not 
suitable for washing lace and delicate white fabrics, 
on account of the liability to stain, due to the presence 
of so much rosin. These soaps owe their colour and 
characteristic odour to the i-osiri they contain, though 
a small amount of artificial colouring matter is 
sometimes added. 

A lower grade bar soap, though still a genuine soap 
{i e. it still contains 62-64 per cent, fatty acids), is made 
from tallow or bone fat, or unbleached palm oil, with 
pressed coconut oil, cotton oil, or cotton soap stock 
and a darker rosin, the unbleached palm oil imparting 
a brown colour to the soap. The proportion of rosin 
to be added depends upon the firmness of the other 
materials employed. If a low titre bone fat and much 
cottonseed oil are used, it will not be possible to add 
any considerable quantity of rosin without injuring the 
body of the resulting soap, in the case of a genuine 
soap, though this defect can be rectified by crutching 
in sodium carbonate or silicate. It is generally better 
policy to use firmer stock with more rosin than weaker 
stock with less rosin. If unbleached palm oil is used, 
this should be first melted, and any sand, etc., settled 
out, only the clear oil being allowed to enter the soap 
pan. For a brown soap, a fairly dark coloured rosin 
may be used, as the greater part of the colour is 
dissolved out and separated in the lye. 

Cheaper bar soaps are made which are no longer 
pure soaps, but in which the proportion of fatty acids 
often falls to as low as 50 per cent, and may even reach 
as low a figure as 20 per cent. These are prepared by 

liquoring '' or ** running soaps similar to those 
described above, but more coarsely fitted, by admixing 
in the crutching pan solutions of sodium carbonate. 
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silicate, chloricie, or sulphate. The two former have 
distinct detergent qualities, and their addition to soap 
is often justified on this ground, but they very much 
reduce the cost of a soap owing to their hardening 
property, which permits of the use of a large proportion 
of oil or rosin in the stock, or of a greatly increased 
percentage of water in the finished soap. Sodium 
carbonate appears to have first been deliberately added 
to soap by Van Haagen of Philadelphia about the 
middle of last century. Of course, there is always a 
small amount of sodium carbonate naturally present 
in soap, due to (1) the sodium carbonate always found 
to a greater or less extent in all commercial caustic 
soda; and (2) the carbonation of caustic soda during 
the soap-making process by absorption of the carbon 
dioxide from the air, but the amount due to these is 
relatively small. 

Sodium carbonate may be added to soap in two 
alternative ways. Either ordinary washing soda or 
soda crystals may be heated, when it dissolves in its 
own water of crystallisation, and may be added directly 
to the hot soap in the crutching pan in that form, 
adding up to 5 per cent, on the soap; or soda ash may 
be dissolved in water to a lye of about 60° Tw. (27 per 
cent, soda ash), and this solution added to the soap, 
or sometimes a weaker lye is used — only about 25° Tw. 
(12 per cent, soda ash), the stronger lye being added 
to a weak soap, and the more dilute lye to a firmer soap. 
Care is necessary in deciding the strength of sodium 
carbonate solution it is best to add, as addition of too 
strong a solution to a fairly solid soap tends to make 
it brittle. The alkaline solution is generally added to 
the soap at a temperature of about 140° F. Excess of 
sodium carbonate must be avoided, or the soap is 
liable to effloresce, a white crystalhne powder appearing 
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on the surface of the soap. Sodium carbonate differs 
from silicate in hardening the soap immediately, whereas 
sodium silicate only exerts a hardening effect after 
some time. 

The use of silicate of soda as an addition to soap was 
patented first by Sheridan in 1835, and later, in 1856 
by Christopher Thomas & Bros, of Bristol. The 
strong silicate (140° Tw.) is sometimes added directly 
to the soap in small quantities not exceeding 10 per 
cent., but at this strength it makes the soap liable to 
crumble; and it is usually preferred to dilute the silicate 
down somewhat with boiling water, the dilution being 
less the more of the solution it is proposed to add. 
Thus to reduce the fatty acids of the soap to about 
42 per cent., a silicate solution of a gravity at its 
boiling point of 18° Tw. is most suitable; but if a soap 
with 58--60 per cent, fatty acids is required, a much 
weaker silicate solution— about 6°Tw. at its boiling- 
point — -is preferable. The temperature at which the 
silicate solution is added to the soap is important; 
it should not be too high, but about 150-160° F. 
Mixtures of sodium carbonate and silicate are often 
added to soap, the silicate reducing the tendency of 
the carbonate to effloresce, so that a larger proportion 
of the latter may then be safely used. Silicate reduces, 
to some extent, the stickiness of a soap containing a 
large proportion of rosin, and improves the glossiness 
of the soap. It has a very considerable hardening 
effect on the soap as it ages, and, unless the soap is 
distinctly alkaline before adding the silicate, it will 
gradually become like stone. For this reason, as 
already pointed out, a soap that is to be silicated must 
be very coarsely fitted. 

Sodium chloride is often used as a liquoring material 
either alone or, more usually, in conjunction with soda 
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ash or pearlasii. It can only be used, however, with 
soaps containing a large proportion of coconut oil or 
palm-kernel oil, on account of its graining or cutting 
action on other soaps. Sodium chloride has rather a 
tendency to come to the surface of a soap in the form 
of minute crystals, • 

Sodium sulphate is sometimes added to soap for the 
purpose of hardening a soap made from very soft and 
weak material. For this purpose, the hydrated sodium 
sulphate, or Glauber's salts, is heated, when like soda 
crystals, it melts in its own water of crystallisation, and 
is added in this state to the still hot soap in the crutching 
pan. It gives the soap a good smooth appearance, but 
has absolutely no detergent value, and as it is apt to 
effloresce even more than sodium carbonate, it is not 
often used. 

In addition to the above-mentioned substances which 
are soluble in water, and serve some useful purpose by 
hardening the soap, in some of the cheapest soaps one 
also finds insoluble substances, such as talc, which is 
suspended in silicate of soda solution and added to the 
soap in this form, French chalk, calcium carbonate, and 
calcium sulphate, which are only added to increase the 
weight, and have an injurious effect on the appearance 
of the soap, tending to break the grain. 

Disinfectant Household Soaps 

These are made from ordinary household soaps by 
crutching in crude carbolic or cresylic acid, coal tar, 
or creosote oil. As the effect of the disinfectant is to 
make the soap a dark colour, darker materials may be 
used for the soaps. There are two principal kinds: the 
washer variety, which is made from similar stock to the 
ordinary washer soap; and the bar disinfectant soap, 
which is a liquored soap corresponding to the ordinary 
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low-grade bar soap, and containing silicate and car- 
bonate. Soaps to which tar acids are to be added must 
be left strongly alkaline, in order that there may be 
free alkali to combine with the acids. The quantity of 
carbolic or cresylic acid does not ordinarily exceed 
3 or 4 per cent.; but for specfal purposes, such as for 
ships, or for railway carriage or tram cleaning, as much 
as 6 or 8 per cent, is sometimes asked for. 

Marine Soaps 

These are made entirely from coconut oil or palm 
kernel oil, and are often made by the cold process from 
neutral oil, though it is much more economical to 
saponify the fatty acids and so save the glycerine. 
They are frequently heavily liquored and contain as 
much as 60 to 70 per cent, water, 5 per cent, salt, and 
20 per cent, silicate of soda, calculated as 140 ° Tw. 
strength. A good marine soap should, however, not 
contain more than 55 per cent, water, nor more than 
0-5 per cent, sodium silicate or sulphate, and the pre- 
sence of some 2 or 3 per cent, sodium carbonate is an 
advantage. Buchanan has devised a special form of 
marine soap (Eng. Pat. 27083, 1908) which need not 
contain any silicate or other filling material, though it 
may be filled if desired. It consists of a mixture of the 
soda soap of coconut or palm kernel oil, with a much 
smaller proportion of a potash rosin soap, the two 
soaps being preferably made separately before mixing. 

Transparent Soaps 

The question of the physical condition of hard soda 
soaps is not absolutely established; sometimes they 
appear to be colloidal, at other times crystalline. 
Probably the simplest explanation of the production 
of transparent soaps is based on the assumption that 
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ordinary opaque hard soap is crystalline, and that just 
as soft soaps are transparent or semi-transparent 
because they have no definite structure and are col- 
loidal, so, to prepare a transparent hard soap, steps 
must be taken both in selecting the raw materials and 
in the process of manufacture to prevent crystallisa- 
tion, and so ensure that the soap remains colloidal. 
Though not quite conclusive on this point, some experi- 
ments made by Richardson a few years ago 
Amev, Chem. Soc., 1908, p. 414) with transparent soaps 
seemed to strongly support this view. A number of 
substances are found to have the effect of keeping soap 
transparent, either separately or together, those most 
usually employed for the purpose being sugar, alcohol, 
castor oil, glycerine, and rosin soap. There are two 
general methods for the preparation of transparent 
soaps: (1) the old-fashioned and original process, still 
largely used, in which a tallow-rosin soap or primrose 
soap is dissolved in alcohol, the bulk of the alcohol 
distilled off, and the residue run into moulds, and 
(2) an adaptation of the cold process (p. 34), in which 
castor oil generally forms an appreciable proportion of 
the stock employed, and during which alcohol, glycerine, 
or sugar solution is incorporated in the soap. 

In the older method, the soap is first dried and 
chipped, and then dissolved in industrial methylated 
spirit, in the proportion of 5 gall, per cwt. of soap, by 
warming under a reflux condenser to about 150*^ F. 
The soap, and any caustic alkali, which is hardly likely 
to be there after the soap has been dried and chipped, 
dissolve in the alcohol, sodium carbonate, silicate, or 
other impurities remaining undissolved. After allowing 
to settle, the clear soap solution is drawn off into another 
still, any glycerine added if required, and as much as 
possible of the alcohol distilled off and recovered, leaving 
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a thick viscous mass, which is run into moulds in the 
form of bars, the bars being cut up into cakes when 
cold. As thus prepared, the soap is turbid, but after 
storage for several months at a temperature of about 
95"^ F. it becomes transparent. 

By this process the soap acquires a dark reddish- 
browm colour, without addition of any colouring matter, 
but if it is desired to add colouring matter, this may 
be introduced into the soap after distilling off the 
alcohol, and just before it is run into moulds. 

Cold process transparent soaps are cheaper to produce 
than those prepared as just described, and can be made 
of excellent appearance, but they are of inferior quality, 
possessing the defects of all cold process soaps— liability 
to contain free alkali or unsaponified fat— and also 
frequently contain considerable amounts of sugar, 
which is, of course, quite valueless as a detergent. 
Such soaps were formerly made largely by the cold 
process as already outlined, adding about 20 per cent, 
glycerine to the fatty matter before saponification, and, 
after thoroughly crutching with the requisite quantity 
of caustic soda lye, running in some 30 to 40 per cent, 
industrial alcohol, and again well mixing. The soap 
is then allowed to stand for an hour or two for saponi- 
fication to proceed, after which it is transferred to 
special frames, smaller than those ordinarily used, and 
of steel, in order to induce rapid cooling. 

The increasing cost of glycerine has led to its being 
gradually replaced in this class of soap by the use of 
sugar, usually in the form of a S 5 rrup — 1 part cane- 
sugar dissolved in 1 part water — and it has been found 
possible, by employing not less than 33 per cent, castor 
oil on the total fatty stock, in conjunction with the 
sugar, to dispense with the use of alcohol altogether; 
and this is the practice now most usually adopted. 
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A stock of, say, 5 parts each of coconut and castor 
oil, and 4 parts of tallow, is saponified by the usual 
cold process with about half its weight of strong caustic 
soda lye, the mixture being thoroughly crutched until 
it begins to thicken, when it is covered up and allowed 
to rest for an hour or bwo, during which saponification 
should become complete, this being readily determined 
by the temperature reaching a maximum, after rising 
steadily, due to the heat of reaction. The sugar solu- 
tion, which may contain 5 per cent, of soda crystals, 
is meanwhile raised to a temperature of 170° F., any 
colouring matter added if desired, and, as soon as 
saponification is complete, gradually added to the soap, 
also at 170° F., the soap being raised to this temperature, 
if necessary, by closed steam. In the absence of alcohol 
or glycerine, about 8 parts of syrup will be necessary. 
The whole mass is thoroughly crutched until homo- 
geneous, when it is again allowed to rest for an hour 
or so, after which, beneath a fob on the surface, the 
soap should be clear, uniform in colour, and firm. 
If the sample is transparent but not sufficiently firm, 
it may be hardened by the addition of soda ash; if not 
quite clear, a further small quantity of the sugar syrup 
may be added. When the consistency and trans- 
parency are satisfactory, the soap is allowed to cool 
to about 145° F., the perfume added, and, after 
thoroughly mixing, the soap is rapidly transferred to 
small steel frames and cooled as quickly as possible. 

If with such a stock as the above it is preferred to 
rely on a mixture of both alcohol and sugar to secure 
transparency, a proceeding which is probably simpler 
for those who have little experience in the manufacture 
of this class of soap, then about 3| parts by weight of 
95 per cent, industrial alcohol should be added immedi- 
ately all the alkali has been run in. When glycerine 
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and sugar are used, without alcohol, for the production 
of transparent soap from the above stock, 2| parts of 
glycerine should be admixed with the fatty matter 
prior to saponification. 

These soaps are generally brightly coloured and very 
transparent; they have not mufh sale in this country, 
however, and are principally exported to the East. 

In the case of soap made by the boiling process, 
we have, so far, only considered its transfer from the 
soap pan to the crutch for the purpose of adding various 
other substances to the soap. No reference has been 
made to those soaps which do not need to go to tiie 
crutching pan, as nothing further is added at that stage; 
nor to what becomes of the soap after it leaves the 
crutching pan, beyond that certain soaps are run into 
frames. This can all be dealt with under the general 
heading of soap cooling. 

Methods of Soap Cooling 

The oldest and probably the method still most 
largely adopted for the cooling and solidification of 
ordinary hard soaps is that Icnown as “ framing,"' in 
which the fluid soap is run into a rectangular box or 
frame, with detachable sides and ends (Fig. 3). In the 
old days of the soap tax the size of these frames, which 
were then made of wood, was fixed by law, viz., 45 in. 
by 15 in.; but now they are, as a rule, of iron or steel, 
except those used for mottled soaps, which are still 
of wood, and the dimensions vary somewhat, being 
usually 45 in. long, 15 in. to 18 in. wide, and 4 ft. to 
5 ft. high, the capacity ranging from 10 to 15 cwt. 
The time required for the soap to become cold in these 
frames is necessarily somewhat long, depending on the 
nature of the soap and the temperature of the sur- 
rounding air, but varying from two or three days to a 
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week/ This method of cooling requires, therefore, con- 
siderable floor Space for the frames, and unduly pro- 
longs the period of conversion of raw material into 
finished soap, so 
that many attempts 
have been made '» 
to accelerate the 
cooling by running 
the soap direct into 
various apparatus, 
in which it is sur- 
rounded by large 
quantities of run- 
ning cold water; 
but the difficulty 
has been that, with 
most of these, the 
appearance of the 
solid soap is spoilt, 
either by the effect 
of the sudden chil- 
ling, or in the subsequent removal of the solid soap^ 
from the cooling apparatus. This difficulty of the 
appearance of the cooled soap does not, of course, 
occur with toilet soaps made by the milling process, 
as in this the grain of the soap is entirely destroyed; 
and the rapid cooling of such soap has been very satis- 
factorily effected for many years by the Cressonieres’ 
process (see p. 77), which is a joint system of cooling 
and milling. With household soap, however, this 
injury to the appearance of the soap was for long an 
insurmountable obstacle to the artificial cooling of soap. 
Of recent years, better results have been obtained, and 
two of the methods which are claimed to be quite satis- 
factory are those of Leimdoerfer and Jacobi. The 
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former consists in running the soap into an arrange- 
ment of tubes similar to a candle machine, with movable 
plugs at each end of the tubes, and a mechanical device 
for forcing the solid soap out of the tubes; while, by the 
latter, the soap is cooled in narrow wooden frames lined 
with polished nickel, cold water circulating around each 
plate, and the soap being kept under a pressure of 
about 3 atmospheres during the whole period of cooling, 
usually about 45-50 min. The capacity of the latter 
plant may be from 1 to 12 J tons per ten hours, so the 
immense economy in time will be apparent. 

Slabbing an^ Barring,— li the soap has been cooled 
in frames, as soon as it is cold it is what is termed 
stripped,'' i,e. the sides and ends of the rectangular 
frame are unbolted and removed, leaving a solid block 
of soap standing on a platform mounted on wheels. 
The subsequent treatment of soap intended for toilet 
purposes is described later (p. 77), but we will now 
consider the production of household and other bar 
soaps. The block of soap is first cut into slabs either 
by hand, by drawing a wire through it, like cutting 
cheese, the soap having been marked at the desired 
intervals; or, better mechanically, by forcing the whole 
block of soap through a frame across which are stretched 
horizontally, at equal distances apart, a series of piano- 
forte wires, which cut the soap into a number of slabs. 
The slabs are then cut in a similar manner, either by 
hand or mechanically, into bars usually 15 in. long and 
weighing 31b. each. Soaps containing a considerable 
proportion of tallow or other fairly hard material 
should be cut into slabs and bars while still slightly 
warm, and the bars are then loosely piled across each 
other so as to allow plenty of air to circulate around 
them, or, as it is termed, open piled." Left thus 
for a day, a skin forms on the surface of the soap, which 
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may next day be transferred to the store or “ close 
piled.” Soaps made from very soft material, in which 
oils form a large proportion of the stock, and which are 
frequently called “ oil soaps,” do not harden sufficiently 
on the surface by mere exposure to the air as in open 
piling, but require td be hot-air dried, being stacked 
for a short time in a drying chamber in which air circu- 
lates at a temperature of 80-100° F. The soap thus 
forms a skin or crust on the surface, which retards the 
evaporation of water from the interior of the bar or 
tablet, and also enables the soap to be stamped, which 
may be done in a machine of the type shown in Fig. 7. 
After stamping, the soap is again exposed on racks, if 
necessary, and is then ready to be placed in any 
wrapping, carton, or box. 


CHAPTER IV 


TOILET SOARS 

Practically all the toilet soaps now on the market 
are made by one or other of two definite and entirely 
different processes: (1) the Cold Process, which has 
already been fully described on p. 34| and (2) the 
Milling or French Process, which involves the pre- 
paration of a ''milling base'" by the boiling process 
{vide p. 37) and its subsequent conversion, by milling, 
into ribbon, which is then again compressed into bars 
by “ plodding or compression, ready for cutting and 
stamping into tablets. The old-fashioned method of 
re-melting a boiled soap, adding perfume and colour, 
and then running into moulds is still practised by a few 
soap-makers, but has little to recommend it either in 
economy in time of manufacture, or quality of product 
obtained. 

Cold Process toilet soaps are of much less importance 
than those made by the milling process, and are chiefly 
made for export. The perfume and any colour, if 
desired, are added to the soap in the pan immediately 
prior to its transfer to the frames. Since the perfumes 
have to be added to the still warm soap, a certain 
amount of evaporation takes place, and the more 
delicate and expensive perfumes are not, therefore, 
suitable for the purpose; while a further point to be 
borne in mind in scenting such soaps is that the soap 
must inevitably contain a good deal of free alkali, so 
that oils rich in esters, such as lavender and bergamot, 
should not be employed, as the esters are decomposed 
by the free alkali. The inherent defects of such soap. 
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viz., presence of Tinsaponified fat and free alkali, Iiave 
already been discussed, and prevent such soap being 
regarded as first-class toilet material. 

Undoubtedly the simplest and most up-to-date 
method of milling soap is by the Cressoniere process, 
which cools, mills, ancf dries the soap in Aie space of an 
hour or so. The fluid soap is made to fall in a thin 
stream on the outer surface of internally-cooled revolving 
cylinders, where it solidifies to thin sheets, and attached 
to the bottom of these cylinders is a serrated knife edge 
which cuts the sheets into ribbon. This falls on an 
endless band travelling in a hot-air chamber, and the 
ribbon passes to and fro in this chamber several times, 
falling successively from one endless band to another, 
each travelling in the opposite direction to the one 
immediately above, until the soap finally emerges from 
the hot-air chamber sufiiciently dry to have the perfume 
added and then be passed through the plodder to 
compress it into bars, as described below, I 

Most of the milled toilet soaps are, however, still j 

made from soap base cooled in frames in the old- I 

fashioned way. These frames are stripped, and the f 

soap slabbed and barred as already described on I 

page 74, the bars being cut rather narrower than for | 

household soaps, about 1 in. thick. The soap as | 

removed from the frames will contain about 28 to | 

30 per cent, water; and before it can be milled this j 

must be reduced to some 11-14 per cent, by drying, I 

so that the strips of wet soap are generally exposed on | 

open racks in a hot-air chamber through which a cur- | 

rent of air is continuously drawn, the temperature of 
the chamber being maintained at about 100® F. The 
strips of soap dry fairly quickly in this way, but the 
drying may be much accelerated — and this is much 
’ better for the soap— by cutting it into chips in a chipping 
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machine (Fig. 4) and exposing the chips on trays in the 
drying chamber. As soon as sufficiently dry, the soap 
is transferred to the milling room, where it is passed 
through the mill, once by itself, and then two or three 
times more after addition of colouring material and 
perfume. The mill (Fig. 5) comsists of a number of 
polished granite rollers, usually three to five, but 
occasionally with as many as eight, each 2 to 3 ft. 
long and from 12 to 18 in. in diameter. A serrated 
knife edge presses against the bottom roller and cuts 
into ribbon the sheet of soap produced by passage 
through the other rollers, at the same time removing 
it from the rollers, whence it falls into some receptacle, 
preferably a wooden box. The rollers rotate at 
different velocities in order to have a rubbing action 
on the soap, and the distance between the rollers 
may be varied at will by means of screws. The soap 
is fed on to the mill through a hopper in the form of 
chips, and should not be milled too thick or it is 
difficult to properly mix in the colour and perfume. 
At the same time it must not be too thin, or it will 
become too dry and brittle, and will give trouble in 
the subsequent compression. Another cause of brittle- 
ness and cracking, as already mentioned, is an excess 
of salt, the maximum permissible limit for which is 
0*3 per cent. The average loss of water during each 
passage through a three-roller mill is about 0*35 per 
cent., and the capacity of such a mill is about 2 cwt. 
per hour. 

As soon as the soap has been reduced to ribbon either 
on the mill, or by the Cressoniere plant, it is ready for 
addition of colour and perfume, which are either added 
directly to the soap in the box into which it falls from 
the mill, and the whole mass thoroughly beaten up 
with a wooden stick, and then passed through the mill 



TOILET SOAP MACHINERY 

Fig. 4. — Soap Chipping Machine. ; 
Fig. 5. — ^Triple Milling Machine^,, 
g. 6. — Soap Plodder or Coi^pressor. 

— ^Hand-power Tablet Stamping Pres^ 
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two or three times more; or, in the case of the better 
quality toilet soaps to which more delicate and volatile 
perfumes are added, the soap ribbon is transferred to 
a drum revolving on a horizontal axis, and fitted with 
internal blades rotating in opposite directions, which, 
when the drum is set in motion, quickly reduce the 
soap to a granular mass. The perfume and colouring 
matter are added to the soap in this mixer, which is 
then closed and rotated for a short time, when the 
granular soap will be found to be uniformly coloured 
and scented. The use of such apparatus prevents the 
loss of perfume by evaporation, which inevitably takes 
place when the perfume is mixed in on the mill. 

Some soap-makers add neutralising and super-fatting 
material to the soap during milling. The nature of 
these materials has already been dealt with on page 55. 
The free alkalinity left in the soap should not exceed 
OT per cent. Na,0. The mixture of soda and potash 
soaps for the manufacture of shaving soaps is also 
sometimes carried out on the mill. 

When the soap has been rendered uniform either by 
milling or in the special rotary mixer, it is then ready 
to be compressed again into a solid bar, which is done 
in what is termed a plodder, compressor, or squeezing 
machine (Fig. 6). This consists of a horizontal cylinder 
terminating in a cone, through which the soap is 
gradually forced by means of an Archimedean screw. 
Considerable heat is developed by friction in the com- 
pression of the soap, so that in most modern com- 
pressors the cylinder is surrounded by a jacket in which 
cold water is circulated to prevent the soap getting too 
hot. Towards the exit of the tube is a perforated 
metal disc, with holes about | in. in diameter, and the 
soap passes through this before entering the cone, 
while the nozzle through which the soap emerges is 
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further constricted by a special movable plate, which 
varies in shape and dimensions — ^round or rectangular- 
according to the shape of tablet it is intended to pro- 
duce. It is very important to squeeze ail the air out 
from the soap at the commencement of the compression, 
and the screw must belcept covered with soap from the 
feeding hopper, or the soap will leave the plodder con- 
taining air holes which render the finished tablets 
unsightly. The mouth of the compressor is maintained 
at a temperature of about 110-120® F., either by means 
of a Bunsen burner, or preferably by the circulation of 
hot water round the nozzle. This slightly eases the 
passage of the soap and at the same time considerably 
improves the appearance of the soap, imparting to it 
glossiness. The temperature of the nozzle requires 
to be carefully controlled, as if it is too hot the soap 
comes out with blisters, which break on stamping, 
and if too cold the soap will be dull. An excess of 
water in the soap compressed will also tend to cause 
blisters and produce a dull soap. Some of the more 
expensive plodding machines are now lined with porce- 
lain, which is supposed to improve the appearance 
of the soap. 

The soap bar issuing from the plodder is generally 
received on a board fitted with wooden rollers, and is 
cut either mechanically or by hand into lengths suitable 
for stamping, which, on the small scale, may be done 
by hand, but is usually done mechanically. Fig. 7 
shows a soap stamping machine. The so-called Band 
or Collar Moulds are those now usually employed, 
the moulds, which are made of brass, being capable 
of adjustment to stamp tablets of varying size, say, 
from 2 to 5|-oz.; and by means of movable die plates, 
the shape and design on the tablets may also be varied. 
To prevent the soap sticking to the mould, the latter 
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may be moistened with a dilute solution of glycerine, 
or with sodium chloride solution. 

The tablets are then trimmed and polished, if neces- 
sary, by hand; unrapped in any paper packing required; 
and placed in boxes. 

Re-melted toilet soaps are ntade by melting a wet 
soap, adding the desired colour, perfume, or medica- 
ment, and, after thoroughly mixing, running into frames, 
and, when cold, cutting into tablets and stamping. 
The soap used may be a tallow coconut curd soap, or 
very often a palm oil base is employed. The soap is 
first cut into shavings and then heated in either a steam- 
iacketed pan fitted with agitating gear, or, preferably, 
in a special form of “ re-melter,” in which, in addition 
to an open steam coil at the bottom, are a number of 
vertical steam pipes. These very much reduce the time 
required for the soap to melt, as soap is a very bad 
conductor of heat, and the process is otherwise a slow 
one. The soap is melted by the use of both open and 
closed steam, and, when quite fluid, a small quantity 
of potassium carbonate or pearlash solution is added, 
which improves the texture and general appearance of 
such soap, after which colour, perfume or medicament 
is thoroughly admixed, and the soap run off into frames. 

Floating Soaps 

The manufacture of a soap which would float on 
water is said to have originated with the Chinese, who 
first introduced such a soap into England, made entirely 
from coconut oil, in the middle of the eighteenth century. 
Various methods have been proposed for making soap 
lighter than water, such as by the insertion of cork or 
other light material, or the introduction of a metal 
plate in such a way as to enclose air in the body of the 
tablet; but the method most usually adopted is t6 
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aerate the soap paste by beating in air, whereby the 
specific gravity of the soap is reduced by some 10 to 
25 per cent., the specific gravity of floating soap varying 
from *922 to *966. 

A milling soap base {i,e. one made from tallow with 
about 20 per cent, coconut oil) is quite suitable for the 
purpose; and after transferring this soap from the 
boiling pan to the crutching pan, at a temperature of 
about 170-180° F., any neutralising material and per- 
fume are added, and the soap aerated by running the 
crutching apparatus in the opposite direction to that 
in which it is employed for crutching filled soaps, air 
being in this way beaten into the soap. During the 
process, which may take 15-20 min., the soap gradually 
loses its clearness, becoming quite opaque, and the 
aeration is continued until the soap has increased in 
bulk to the required extent. During aeration, the 
temperature falls some 30 or 40° F.; and the soap is 
then run into frames to solidify, when it is cut into 
slabs, bars, and tablets, and stamped. Another method 
proposed for effecting the aeration is to mix hydrogen 
peroxide with the soap at the point when the soap is 
beginning to harden, the vigorous evolution of gas 
which ensues, due to contact with the hot soap, 
rendering the latter porous. 

Floating soaps are usually poor in lathering qualities 
and wasteful in use, owing to their porous nature, and 
have little to recommend them. 

Shaving Soaps 

In the manufacture of a shaving soap the aim is to 
produce a soap which shall cause no irritation, but have 
rather a soothing effect, on the skin, and shall give a 
free, but at the same time, very lasting lather, which 
will have a softening action on the beard. Freedom 
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from irritating effect is ensured by the absence of 
caustic alkali pr any excess of carbonated alkali, or of 
more than a moderate proportion, say, 15 per cent., of 
coconut or palm kernel oils. The emollient properties 
of the soap are often improved by addition of glycerine 
or considerable amounts of .superfatting material. 
Ease of lathering is secured by the use of coconut oil, 
and the permanence of the lather is generally brought 
about by the use of (1) a considerable proportion of 
potash for the saponification of the fatty stock-— at 
least 50 per cent., and very often more; and (2) a 
large amount of very hard stock, either in the form of 
stearic acid, which is, perhaps, the best material of all, 
or of hardened oil of high titre, or tallow, Chinese 
vegetable tallow, Japan wax, or bleached palm oil. 
Part of the coconut oil may be replaced by castor oil 
or lard, and the use of fatty almond oil has been recom- 
mended. Other substances sometimes added for the 
purpose of giving a more cream-like lather are paraffin 
wax and gum tragacanth, the latter being introduced 
in the form of a 15 per cent, aqueous mucilage. The 
addition of gum arabic and Venice turpentine has also 
been recommended. The best and most popular 
shaving soaps on the English market yield fatty acids 
having very high litres — 47-50° C. — and are made from 
stock containing some 80 per cent, or more hard fats 
or fatty acids. If this material were saponified with 
soda only, the resulting soap would be too hard, and 
would only lather with difficulty; but the use of more 
potash than soda renders the soap fairly soft, and 
considerably improves its lathering qualities. 

The fatty stock cannot be all mixed together, and 
directly saponified with a mixture of caustic soda and 
caustic potash in the desired proportions — at least, not 
if the soap is to be made by the boiling process — for,. 
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as has already been pointed out, any attempt to grain 
out potash soap with salt results in double decom- 
position, with production of soda soap and potassium 
chloride. There are two alternative methods by 
which such a blend of soda and potash soaps may be 
prepared; in both cases the soda and potash soaps are 
made separately, and then either re-melted together 
in a crutching pan or milled together after drying. 
The soda soap used may, for example, very well be 
simply a first-class or No. 1 milling toilet soap made 
from tallow and coconut oil, and this is either re-melted, 
or milled, after drying, with a potash soft soap made 
either by directly neutralising stearic acid (stearine) 
with caustic potash, as described on page 32, or by 
saponification of other hard material by the ordinary 
process for making soft soap {see p. 48). If no 
glycerine is already present in the soap, its emollient 
qualities may be improved by introducing up to 8 or 
10 per cent, glycerine during the milling. Tragacanth 
mucilage is also added on the mill, and should not 
exceed 6 per cent, of mucilage. If the soda and potash 
soaps are re-melted together, the fluid soap is run into 
frames to solidify, and stripped, cut, dried, and milled 
as already described for toilet soaps. The compressed 
soda-potash soap is then forced through a suitable 
compression plate for the production of either cakes 
or sticks. 

Shaving creams and pastes, usually put up in col- 
lapsible tubes, are generally of a very similar nature 
to shaving soaps, so far as the actual soap is concerned, 
but contain more water and also sometimes large pro- 
portions of superfatting material and glycerine. The 
presence of much glycerine, of course, helps to prevent 
a cream fi'om becoming dry. Gum mucilage is 
. occasionally added to shaving creams. 
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Shaving soap powders generally consist of pure, 
almost anhydrous, soap, to which is added about 2 per 
cent, inert powder, such as starch, casein, or orris root, 
in order to prevent the soap clogging in the sifter. 
The addition of larger quantities of these substances 
has been justified on the ground*that, by diluting the 
soap, any irritating effect on even the most sensitive 
skins is obviated. 

Medicated Soaps 

Soap is undoubtedly one of the most valuable pre- 
ventives against disease, both on account of its useful- 
ness in the removal of dirt, which is an inevitable pro- 
genitor of disease, and, because soap, whether hard or 
soft, has a distinct disinfectant action, a 2 per cent, 
solution of soap killing j5. coli communis in less than 
six hours, and a 0*01 per cent, solution of potash soap 
(according to the Berlin Health Commission) completely 
preventing the development of anthrax bacilli. 

The use of soap in medicine is extended by the addi- 
tion of various medicaments, and such soaps may be 
divided, broadly, into two groups, viz., those which 
contain some specific remedy for a definite disease, 
which it is desired to bring into contact with the infected 
part of the body, or to cause to be absorbed through 
the pores of the skin; and those which contain some 
powerful disinfectant, which shall keep infection away 
from the user. In the first case, the medicated soap 
simply fulfils the purpose of a plaster or ointment, and 
to get the best results, the foam from the soap should 
be allowed to dry on the skin. It is probably much 
better that such soaps should be slightly superfatted, 
as suggested by the celebrated dermatologists, Unna 
and Eickhoff, who examined the question very 
thoroughly; but doctors are not quite agreed as to • 
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this, as any free fatty acids developed by a superfatted 
soap are bad for the skin. There can be no doubt, 
however, that the pi'esence of lanoline, owing to the 
remarkable rapidity with which it is absorbed by the 
skin, must very materially facilitate the introduction 
into the system of any' medicament contained by such 
a superfatted soap. In the case of soaps intended for use 
as disinfectants, the addition of superfatting material 
is altogether a mistake, free fatty matter tending to 
reduce or prevent any bactericidal action the soap 
might have, for, as Koch has shown, carbolised oil has 
no antiseptic action. Unna and Eickhoff both condemn 
coconut oil soap as unsuitable for the purpose, and 
attribute the greater proportion of minor skin troubles, 
such as chapped hands, roughness, etc., to the use of 
such soap. The former recommends a soap base made 
from a mixture of 8 parts of beef tallow and 1 part of 
olive oil, saponified with a mixture of 2 parts of soda 
to 1 part of potash, so much alkali being employed as 
will leave 3 to 4 per cent, of the fat unsaponified; the 
latter, on the other hand, suggests the use of a soap 
base made from 3 parts of beef tallow and 1 part of 
olive oil, and completely saponified with soda, the soap 
being then superfatted with a mixture of 2 per cent, 
lanoline and 3 per cent, olive oil. 

Most of the medicaments are preferably added to the 
soap while it is being milled, this applying especially 
to the more volatile varieties, but some may be quite 
satisfactorily incorporated with the soap in the crutching 
pan. Among the more important medicated soaps may 
be mentioned — 

Coal Tar, which is probably by far the most popular 
of such soaps, due in part to the pleasant cleanly odour 
of this disinfectant, and also to the extensive advertise- 
'ment which one brand of this soap is given . Such soaps 
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contain the '‘tar acids/' carbolic and cresylic acids, 
/3-naphthol, naphthalene, and other hydrocarbons pro- 
duced in the distillation of coal, and small quantities 
of bases, such as pyridine. Coal tar soaps are generally 
dark coloured, due to the presence of the tar; but a 
bleached tar suitable for incorporation in soap has been 
introduced from the Continent under the name anthrasoL 
Some few years ago, it was attempted to place a 
coal tar soap on the market by the use of a special 
selection of coal tar derivatives, but the soap was 
found to very quickly lose its whiteness and become 
brown in colour, due to the effect of the tar constituents 
on the soap. 

Carbolic Acid, which is also a fairly popular medi- 
cated soap. It usually contains a mixture of carbolic 
and cresylic acids, the total amount of which should 
not exceed 3 per cent, in a soap intended for toilet 
purposes, as larger quantities are liable to cause 
irritation to the skin. 

Lysol, another coal tar derivative. Lysol soaps 
usually contain about 10 per cent, of lysol. Which, 
according to Fr. Pat. 359061, 1905, consists of a soap 
solution of cresol or cresylic acid. 

Soaps coniammg Birch Tar Oily which has the 
characteristic smell of Russian leather; Ichihyol, or 
ammonium ichthyol-sulphonate, and Iodine, which 
should be accompanied by potassium iodide, to render 
it soluble in water, are all recommended for use in the 
treatment of various skin diseases. 

Many of the chemicals recommended for incorpora- 
tion in soap are themselves incompatible with soap, and 
decompose it. Thus Boric Acid, Borax, and Salicylic 
Acid are ail acid substances which, if added to neutral 
soap, form the corresponding soda compounds, and at 
the same time liberate fatty acids which are very* 


TOILET SOAPS 


89 


objectionable and quickly cause the soap to develop a 
rancid smell. If these substances are, to be added to 
soap, therefore (salicylic acid, especially, is a useful 
specific for some skin diseases), it is necessary to either 
add them to a soap which is purposely left slightly 
alkaline {vide “ Neutralisation,'' p. 55), or else to 
neutralise the medicament before adding it to the soap. 

The addition of mercury salts to soap is another 
instance where, unless special precautions are taken 
to prevent it, more harm is, done than good. Mercuric 
iodide and mercuric chloride (corrosive sublimate) are, 
of course, powerful antiseptics, and, if interaction with 
the soap can be prevented, are useful reagents to 
incorporate in soap. When added to soap alone, how- 
ever, double decomposition takes place between the 
mercury salt and the soap, with the formation of a. 
dirty green mercury soap, insoluble in water and of 
little or no value. Many means have been suggested 
for preventing this decomposition, one of the most 
satisfactory being that patented in 1886 by Thomson, 
which consists in adding potassium iodide as well as 
mercuric iodide to the soap. It is immaterial whether 
the two iodides, which are added in equal proportions, 
are first dissolved together in water before addition to 
soap, or whether the salts are added in the dry state 
one after the other. In either case the soap maintains 
its original colour and decomposition is prevented. 
Similarly, mercuric bromide may be prevented from 
reacting with soap by the addition of potassium bromide, 
a process patented by Cooke- 

Two very strong disinfectants which, so far, have 
obtained very little popularity in soaps are Formalde- 
hyde, tound in commerce as a 40 per cent, aqueous 
solution, under the name FomaK#, and which 

is some twenty-five times more powerful as a germicide 


90 


SOAP 


than carbolic acid. Formalin has no action on the soap, 
but when added to a colourless soap, helps to preserve 
its whiteness; but thymol, which is a phenol derived 
from thyme oil, in common with all phenols, tends to 
darken the soap. Part of the thymol to be added 
to a soap may be introduced ih the form of thyme 
oil, which should contain about 50 per cent, thymol. 
The thymene which accompanies the thymol serves 
to sweeten the odour of the soap, which is then very 
pleasant. 

While some of the medicated soaps undoubtedly are 
useful for the special purposes for which they are 
recommended, there can be no question that this addi- 
tion of chemicals and drugs to soaps has, during recent 
years, been very much overdone; and the introduction 
of such substances as quinine, hydroxylamine, and 
many others can hardly serve any useful purpose. 

Medicated or disinfectant soaps are sometimes used 
for washing dogs, two of the most popular being soaps 
containing sulphur or creosote. The former on solu- 
tion in water gradually evolves sulphuretted hydrogen, 
a gas possessing the unpleasant odour associated with 
rotten eggs. 

Liquid Soaps or Soap Solutions 

There is an increasing demand for liquid soaps for 
many purposes — sanitary, household, and toilet — ^the 
latter variety being very suitable for use in public 
institutions, lavatories, on railway trains, or in any 
circumstances where a large number of persons wash 
at the same place. This not only prevents transmission 
of disease from one person to another by the use of the 
same soap tablet, but also renders impossible* the 
pilfering of the soap. Potash soaps are the most satis- 
factory for the preparation of these solutions on account 
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of their much greater solubility in water {vide '' Pro- 
perties of Soap/' p. 99); but where a soda soap is used, 
it is advisable to include a considerable proportion of 
castor oil in the stock, castor oil soap being much more 
readily soluble in water than any other soap. Other 
fatty material yielding fairly soluble soaps are coco- 
nut, palm kernel, olive, linseed, sesame, cottonseed, and 
poppy seed oils. 

Tallow, lard, palm oil, and arachis oil yield harder 
soaps, which are not very easily soluble in water, and 
should not, therefore, be included in stock for the pre- 
paration of liquid soaps. Alcohol is often used to 
render the soap more fluid, sometimes only 5 per cent, 
of the total bulk being employed, and sometimes con- 
siderably more; another frequent constituent is glycerine. 
For toilet purposes such soaps should be practically 
neutral, and are usually perfumed. 

Liquid soaps for household use preferably contain a 
small proportion of sodium or potassium carbonate; and 
the disinfectant preparations containing coal tar, or the 
tar acids, carbolic and cresylic acids, generally contain 
a good deal of rosin soap, which helps the emulsification, 
and consequently the bactericidal efficiency of the dis- 
infectant. Antiseptic soap solutions are extensively 
used in horticulture as insecticides. 

A special antiseptic liquid soap used in hospitals and 
by surgeons is made by saponif 5 dng olive oil or oleic 
acid with caustic potash, dissolving the resulting soap 
in alcohol, diluting with ether, and then adding mercuric 
iodide dissolved in a small quantity of potassium iodide 
solution. 
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SOAP POWDERS— "TEXTILE SOAPS 

The demand in recent years for liquid soaps for use in 
public institutions; etc., has extended also to a demand 
for a powdered toilet soap for a similar purpose. 

A powdered anhydrous milling soap is the most suit- 
able, the ordinary milling base being dried, chipped, 
and further dried until it will powder in a disintegrator, 
and then mixed with about 2 per cent, of starch or 
casein to prevent choking the sifter, as already men- 
tioned under “ Shaving Soap Powders.” The addition 
of an inert powder is necessary owing to the hygro- 
scopic or water-absorbing power of anhydrous soap, 
which would tend to make the soap cling together and 
become lumpy. It is a curious phenomenon that there 
seems to be an equilibrium point with soap and water 
when the soap contains about 4 or 5 per cent, water. 
When a soap is drier than this it tends to absorb water, 
and, when it contains much more than 5 per cent, 
water, it gradually loses water. 

Various processes have been devised for producing 
soap directly in a finely divided state, notably that of 
Lindemann (Eng. Pat. 25276, 1907), in which the hot 
soap, mixed with superheated steam, is blown under 
pressure into a large chamber where the soap is 
deposited as a fine powder, the steam passing of with- 
out condensing. Another proposal, by Findlay (Eng. 
Pat. 12849, 1907), is to pour the fluid soap in a fine 
stream from a height of about 10 ft. into cold brine, 
when a soap powder is produced. 

By far the larger proportion of the soap powders on 
the market, however, are intended for laundry and 
domestic purposes, and are sold under the names of 
Dry Soaps, Soap Extracts, or Washing Powders. These 
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are usually mixtures of soap with soda ash or soda 
crystals, and, in the case of the cheaper varieties, fre- 
quently also contain sodium sulphate, and more rarely 
French chalk or talc. The proportion of real soap is 
subject to considerable variation, and sometimes falls 
as low as 5 per cent.; but the usual proportion in a good 
average powder may be taken as about 20-30 per cent., 
the bulk of the remainder being made up of water and 
sodium carbonate in very varying amounts, the former 
sometimes being as low as 20 per cent, and often as 
high as 50 per cent., while the sodium carbonate may 
be as low as 35 per cent, or as high as 60 per cent. 

There are alternative methods of mixing the soap 
with the carbonate or sulphate of soda; either the soap 
may be partially dried, and added in ribbon to soda 
crystals or Glauber’s salts melted in their water of 
crystallisation, the mixture allowed to solidify, and 
then crushed up and powdered in a disintegrator; or 
the sodium carbonate may be added in the form of 
soda ash to the newly-made soap in the crutcher, any 
sodium sulphate being also added at the same time 
after partial or complete exsiccation, if desired. In the 
latter case, the alkali salts are added in small quantities 
at a time, each admixture being well crutched into the 
soap. When thoroughly mixed, the soap is run into 
frames to cool, then stripped, barred, dried, and powdered. 
A small quantity, up to 5 per cent, sodium silicate, is 
sometimes added to these mixtures, and they frequently 
also contain sodium bicarbonate. 

The soap used for the production of soap powders is 
a boiled soap, and should be made chiefly from stock 
yielding fairly hard soap, such, for example, as tallow, 
palm, hardened oil, Chinese vegetable tallow, coconut 
or palm kernel, with only a small proportion of cotton- 
seed oil, and little, if any, rosin. Cottonseed soap stock 
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is largely used for this purpose in America, but cotton 
soap is too lacking in body to be really suitable, by 
itself, for making soap powders; and the tendency of 
rosin soap to absorb water and become sticky precludes 
its use to any extent in such powders. 

A disinfectant is sometimes incorporated in a soap 
powder, one method of introducing a fluid medicament, 
such as carbolic acid, being to saturate a small quantity of 
kieselguhr with the fluid and mix this in with the powder. 

Many other substances may be occasionally met with, 
including salt, borax, sodium perborate, sodium peroxide, 
and starch. 

Soap Flakes 

This is another form of nearly anhydrous pure soap, 
containing only about 5 per cent, water, and some 
85 per cent, fatty acids. Such soap requires to be made 
from fairly firm stock, containing a good deal of tallow 
or hydrogenised oil and little, if any, rosin. 

Soap Leaves 

These “ soap leaves,"' or soap papers, are mostly 
imported from abroad, and consist of very thin paper 
coated with soap by dipping it into a thick hot alcoholic 
solution of soap, and allowing the alcohol to partially 
evaporate. 

Textile Soaps 

There are three branches of the textile industries in 
which considerable quantities of soap , are used, viz., 
those dealing with the wool, silk, and cotton fibres. 
The two first mentioned are of animal origin, and, as 
at first obtained, are admixed with much more impurity 
than cotton, the amount of impurities in wool varying 
from 20 to 50 per cent., and in silk from 18 to 30 per 
cent., whilst in cotton there is only about 5 per cent. 
As a consequence, raw wool and silk need to undergo 
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a cleaning or scouring treatment prior to spinning, and 
soap is also used at subsequent stages of the manu- 
facture of all three materials, much more soap being 
used in the case of wool and silk than for cotton. 

Raw Wool contains a large amount of grease or wool 
fat, in addition to various inorganic salts, and this is 
best removed by scouring with a warm soap solution. 
The soap used must contain no free caustic alkali, and 
for the best qualities of wool not more than traces of 
sodium or potassium carbonate; but for cheaper quali- 
ties, sodium carbonate is sometimes added, or even 
used in dilute solution without any soap at all. Wool 
is dissolved by caustic soda, so that the absence of this 
is important, and the fibre is also injured by prolonged 
contact with alkaline carbonate, though less with 
potassium carbonate than with sodium carbonate. 

The best soap for the purpose is a potash olive oil 
soap, but this is usually too expensive; and the soap 
generally employed is a curd mottled made from bone 
fat, kitchen grease, and unbleached palm oil. After 
scouring, and to facilitate the spinning, the wool is 
oiled with a small quantity of what is termed '' wool 
oil,'' which may be either a distilled oleine, prepared by 
distillation of Yorkshire grease, red oil," or com- 
mercial oleic acid, or for the lowest qualities of wool, 
a blend of oleine and mineral oil. 

When the wool has been spun or woven, the greater 
part of this oil has to be removed by again washing 
with soap, and for this purpose the soap most largely 
used is that made from “ red oil " or oleine. If oleic 
acid has been used for oiling the wool, it is more easily re- 
moved by washing with an alkaline soap, or, if the soap is 
neutral, a small amount of sodium carbonate may with 
advantage be added. A cheaper soap for the purpose is 
' one made from grease with a small proportion of rosin. 

Another purpose for which soaps are used in the 
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woollen industry is for the fulling or milling of the 
woollen fabric, and for this it is essential that the soap 
should be neutral and fairly easily soluble in water. 
The best soap to use is again one made from potash and 
olive oil; but for the sake of cheapness a soda soap, 
made from a blend of tallow or bleached palm oil with 
coconut or palm kernel oil, is very generally used. 

A novel preparation which has been proposed for addi- 
tion to the soap bath to improve the texture of the 
wool is a saponified Turkey red oil, introduced under 
the name of Isosoap. 

Silk, as produced by the silkworm, is encased in a 
gummy substance termed '' sericin,” which forms some 
20 to 30 per cent, of the raw silk, and has to be removed 
prior to the manufacture of silk goods. This process, 
which is known as degumming,'' is carried out by 
washing two or three times in boiling soap solution. 

A slightly alkaline soap solution is most suitable for 
the purpose, as the silk gum is somewhat more soluble 
in a slightly alkaline solution; it is better, however, to 
use a neutral soap and add a small proportion of potas* 
sium carbonate. The soap must be readily soluble in 
water, but, although a potash olive soap would meet 
this requirement best, the soaps most generally employed 
for the purpose are soda soaps made from olive or 
arachis oil, lard oil, or oleic acid. For the first boil up, 
usually known as “ stripping,"' a 1 per cent, soap solu- 
tion answers well; and for the second, which is termed 
** boiling off,” a weaker solution, only about one-third 
this strength is usually employed. 

Considerable quantities of soap are also used in the 
silk industry during the process of dyeing, and for 
washing the finished material; for this purpose, olive 
or palm oil soaps are well adapted. 

Cotton . — ^The raw cotton does not require any pre- ' 
liminary treatment with soap, but is spun at once into 
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yarn. The yarn is then washed with soap prior to 
dyeing, and a large anaount of soap is also used during 
and after the dyeing and printing. For washing cotton 
goods before dyeing, a slightly alkaline soap may be 
used, as the cotton fibre is not injured by dilute alkali, 
which increases the cleansing action of the soap. A 
curd soap made from tallow and coconut oil is largely 
used for the purpose. For use in the dye bath and also 
for washing the dyed cotton, a neutral soap, free from 
objectionable odour, must be used, and the favourite 
soap for the purpose is one made from olive or palm oil. 
Coconut oil is also sometimes present, but there should 
be no cottonseed or maize oil or rosin. As much as 
3 per cent, soap on the cotton to be dyed is sometimes 
used in the dyeing bath, and a solution of 0*3 to 0*5 per 
cent, soap is generally used by calico printers to 
brighten and clean the printed cloth. The dyeing pro- 
cess has a tendency to render cotton goods harsh, and, 
to remedy this, preparations have been introduced 
under the name of '" cotton softeners,” which consist 
of emulsions of soap, oil, and water. The soap may be 
either a potash or soda soap, made from maize oil, 
coconut oil, tallow, bleached palm oil, or red oil; and 
the free oil is preferably maize or olive oil when a soda 
soap is employed, and tallow or lard when admixed 
with vSoft soap. According to Burnham [Jour, Soc, 
Ghent, Ind., 1906, p. 295), the best proportions to use 
are 3 parts of dry soap, 1 part of oil, and 7 parts of 
water. Cotton softeners sometimes contain added 
glycerine, and are occasionally adulterated with starch, 
sodium silicate, rosin, or Irish moss. 

There are two important conditions which all textile 
soaps must fulfil. They must not exert any deleterious 
action upon the fibres, nor deposit anything on the 
'fibres which will prevent their being satisfactorily dyed 
afterwards. The first condition generally, but not 
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always, requires the absence of free alkali; and the 
second necessitates the absence of rosin, sodium silicate, 
unsaponihed neutral fat, or any excessive amount of 
unsaponifiable matter. To avoid the latter, no fatty 
material containing more than 1 per cent, unsaponifi- 
able matter should be used in the preparation of a 
textile soap. 

Dry-cleaning Soaps 

These are thick, viscous mixtures of soap with some 
volatile solvent, usually some fraction of petroleum 
naphtha or benzine. The soap is mostly a potash 
soap with only a small proportion of soda soap, though 
ammonia soap is sometimes used. It is frequently 
made from oleic acid, and preferably contains a slight 
but distinct excess of free acid. As much as 30 per 
cent, benzine is often added, and methylated spirit is 
occasionally admixed, but the amount of water pre- 
sent is usually very small. By emulsifying the benzine 
with vegetable mucilage, it has been claimed that it is 
possible to incorporate as much as 75 per cent, of the 
solvent in a soap. 

Soap Substitutes 

Various preparations are on the market as detergents 
in which part of the soap is replaced by the product 
resulting from the treatment of cereals with caustic 
soda. The idea appears to have originated with Bamberg, 
who in 1900 patented the production of a detergent 
compound by treating oatmeal or other cereal with 
caustic soda, and subsequent admixture with soap and 
neutralisation of any excess of alkali with boric acid. 
Several modifications of this proposal were subsequently 
patented, but though these compounds have consider- 
able detergent power, they suffer from the defect of 
incomplete solubility in water, which is a serious* 
disadvantage. 


CHAPTER VI 


THE PROPERTIES, DETERGENT ACTION, AND 
COMMERCIAL VALUATION OF SOAP 

It has already been pointed out that soap may be 
Gomniercially defined as the sodium, potassium, and 
ammonium salts of fatty acids (the latter being con- 
sidered to include acids of common rosin or colophony) ; 
and that, broadly speaking, hard soaps are soda 
soaps and soft soaps, potash soaps — soaps made from 
ammonia being very unstable and of little commercial 
importance, except in the preparation of dry-cleaning 
soaps. 

Soaps vary very considerably in their solubility in 
water, this property depending partly on whether made 
from soda or potash, and partly on the nature of the 
fatty acids. Potash soaps are much more soluble than 
those made from soda, a 5 per cent, aqueous solution 
of an ordinary soda soap being gelatinous at ordinary 
temperatures, whereas a 20 per cent, solution of soft 
soap will still pour; and soaps made from hard fats, 
such as t allow or palm oil, are much less soluble than 
those made from such oils as olive, maize, or linseed. 
In general, the higher the titre of the fatty acids, the 
less soluble is the soap; but an exception to this is 
cottonseed oil, which, with a fairly high titre, gives 
a very soluble soap. Comparative experiments by 
Shukoff and {Seif emieder Zeit, 1911, p. 982) 

have shown that Marseilles soap will dissolve in water 
in about one-fourth the time required by a tallow rosin 
(primrose) soap containing 20 per cent, rosin, under 
'identical conditions; while the latter also only requires 
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about one-fourth the time taken to dissolve by an 
ali-tallow soap. The addition of coconut oil to tallow 
also very considerably increases the rate of solution, 
a tallow-coconut oil soap containing 25 per cent, coco- 
nut oil dissolving in less than one-ninth the time 
required by the all-tallow soap. All soaps are much 
more readily soluble in hot than in cold water; and 
while in hot water the solutions are generally clear, 
in cold water they are slightly turbid, due to hydro- 
lysis {i.e., decomposition of the soap by water into free 
caustic alkali, and an acid soap). This decomposition 
increases with the amount of water added, and varies 
according to the nature of the fatty acids of the soap. 
It has been the subject of research by a very large 
number of investigators, from Chevreui onwards, and 
very divergent results have been arrived at. Thus, in 
this country, Alder Wright and Thompson came to 
the conclusion that a soap made from coconut oil was 
much more easily hydrolysed than any other, and that 
an olive oil or cotton oil soap was more readily decom- 
posed by water than one made from tallow or stearic 
acid. They accordingly formulated the theory that 
the degree of hydrolysis of a soap taking place at any 
given dilution, increases as the molecular weight decreases ; 
whereas, from later experiments, Lewkowitsch concluded 
that exactly the opposite was the case. More recent 
work on the subject, by McBain and Martin {Journ. 
Chem. Soc., 1914, p. 967), confirms Lewkowitsch's 
view that hydrolysis increases with increase in the 
molecular weight of the fatty acids from which the soap 
is made. These workers also show that in concentrated 
soap solutions the hydrolysis is less than 1 per cent, on 
the soap, but that, at a concentration of about 0*3 per 
cent., it reaches with sodium palmitate 6*6 per cent. 
This decomposition of soap by water is considerably* 
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affected by the presence of various substances 
dissolved in the water: thus, caustic soda, ethyl alcohol, 
amyl alcohol, and glycerol, all have a retarding influence 
on the hydrolysis; while the presence of sodium chloride, 
in small quantity, decreases hydrolysis, but, if larger 
amounts are added, tends to increase it. A concentra- 
tion of 40 per cent, alcohol by volume is sufficient to 
prevent hydrolysis. 

This question of hydrolysis, and other properties of 
soap solutions are very fully dealt with in the Third 
Report on Colloid Chemistry by the Chemical Com- 
mittee of the British Association for the Advancement 
of Science, and published by H.M. Stationery Office, 
and readers desiring more detailed information are 
recommended to consult this Report. 

Soap is readily soluble in alcohol, but insoluble in 
petroleum ether, benzol, and strong solutions of caustic 
soda, and only very slightly soluble in ether. All soaps, 
except those made from coconut or palm kernel oil, are 
insoluble in strong solutions of sodium chloride; but the 
solubility in more dilute salt solutions varies with the 
nature of the soap. Potassium soaps are decomposed 
by addition of sodium chloride, with formation of 
sodium soap and potassium chloride. Hot concentrated 
aqueous or alcoholic soap solutions become jellies on 
cooling, and on evaporation and drying leave a hard, 
horny residue, in both these respects behaving like 
gelatine or gum arabic. These properties are charac- 
teristic of substances which are termed colloids, in con- 
tradistinction to crystalline substances, such as salt or 
washing soda, and there is no doubt that in the case 
of soft soap and transparent soap, the soap is a true 
colloid; but whether in certain cases, such as mottled 
soap, “ figged soft soap, and speckled transparent 
soap, crystalline soap does actually exist, is rather a 
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doubtful matter. It has been held to exist, in the past, 
and the experiments of Richardson on transparent soap, 
already referred to, tend to confirm this, but the view 
is now gaining ground that all soap is colloidal, and it 
has been shown that figged soap and the other phenomena 
referred to above are easily capable of explanation on 
this hypothesis. 

The Detergent Action of Soap 

The cleansing properties of soap have for long been 
the subject of much speculation and research. Many 
theories have been propounded in explanation, and 
perhaps that which formerly was most generally accepted, 
and which, moreover, received the support of Berzelius, 
was that the alkali liberated by hydrolysis when soap 
is dissolved in water [vide p. 100) emulsified any grease 
surrounding dirt, and thus facilitated the removal of 
the dirt. The alkali set free was also considered to 
promote contact between the water and the dirt. 
A practical objection to this theory of hydrolysis 
increasing detergent power is the fact that soap is 
certainly more hydrolysed by water at low temperatures 
than at higher ones, and yet there can be no disputing 
the superior cleansing power of a hot aqueous soap 
solution over a cold one of similar strength. Experi- 
ments have also been carried out by Hillyer [Journ. 
Amer. Chem. Soc., 1903, p. 1256) and by Knapp, which 
show that these two properties of emulsifying grease 
and wetting ” the dirt are inherent properties of the 
soap itself, and are not possessed by a dilute alkali 
solution in the absence of soap. Now, to produce 
emulsification, Plateau has pointed out that the surface 
tension of a liquid must be low, and the above results 
have, therefore, led Hillyer {loc, cit.), and, more recently, 
Shorter {Journ, Soc. Dyers and Colourists, March, 1915, 
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and April, 1916) to investigate the surface tensions 
between soap solutions and oil, the former measuring 
the surface tensions between soap solutions and kerosene, 
and the latter between soap solutions and benzene. 
As a consequence of these experiments, it may now be 
taken as definitely established that the detergent action 
of soap is very largely due to the fact that the surface 
tension at the interface between an aqueous soap 
solution and grease is small, and, as a result, thorough 
contact between the soap solution and dirt is readily 
established, and the greasy matter surrounding the dirt 
is easily emulsified, both dirt and grease being thereby 
removed. It has further been proved by Shorter that 
this detergent action is principally due to unhydrolysed 
soap, but the alkali liberated by hydrolysis acts on any 
free fatty acids in the grease— of course, with the pro- 
duction of soap — and this, in turn, exerts an influence 
in further reducing the surface tension, though this 
action is comparatively small. The acid soap formed 
as the result of hydrolysis is shown to have practically 
no effect on the surface tension, or, as it is termed, no 
surface activity. The presence of free alkali in a soap, 
which, as is well known, increases its detergent power, 
is found also to still further reduce the surface tension, 
though the reason for this is not quite clear. 

Another series of experiments, of an entirely different 
character, have been carried out by Spring Chem. 
Ind. Kolloid, 1909, p. 161; 1910, p. 164) with a view 
to elucidating the nature of the detergent action of 
soap. He has found that when lamp black, red earth 
(hydrated ferric oxide), or clay is added to soap solu- 
tions, these substances form absorption compounds with 
the soap, which are no longer able to adhere to solid 
bodies, such as glass, porcelain^ cellulose, and skin; and, 
•further, that the soap allows the passage of the lamp 
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black, etc., through filter paper, which would com- 
pletely hold it back from an aqueous suspension. Spring 
concludes that the detergent action of soap solutions 
must be attributed to the formation of absorption com- 
pounds between the soap and the dirt, due to the 
greater affinity of dirt for soap than for skin, cellulose, 
or other substance from which it is removed by washing. 

According to Shukoff and Schestakoff, the best 
cleansing results are obtained with soap solutions 
containing from 0*2 to 0*4 per cent, actual soap; and 
from comparative experiments they conclude {Chem. 
Zeit.y 1911, p, 1027) that the detergent power of a 
tallow soap is greater than that of those made from 
such oils as cotton, maize, linseed, etc., and that these 
latter are, in turn, better detergents than coconut or 
palm kernel oil soaps. 

Lenher and Buell {Journ. Ind. and Eng. C hem., IBIB, 
p. 701), in the course of a study of soap solutions, have 
found that the emulsifying power of a soap solution is 
only very slightly reduced after keeping for four and a 
half months, and conclude that a soap solution which 
has stood for a long time suffers no deterioration as 
regards its efficiency for washing purposes. 

Commercial Valuation of Soap 

There is, unfortunately, no legal definition of what 
is soap, nor any standard to which it must conform; 
consequently, the buyer of soap, unless, by long experi- 
ence of the product, he is able to detect sophistication 
by appearance, must either rely on the honesty of the 
manufacturer or vendor, or buy his soap to a given 
specification, and employ a chemist to see that such 
specification is adhered to. The absence of any legal 
standard unfortunately encourages the production of 
soaps containing very little real soap, and consequently 
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of very low detergent value; and the percentage of true 
soap, which in a pure household variety will not be less 
than about 72 per cent, and in a toilet soap about 
88 per cent., often falls to 50 per cent, or less. A 
sample from a British workhouse, recently submitted 
to the author, contained only 10 per cent, soap and 
some 87 per cent, water. 

In drawing up the specification for a soap, account 
must, of course, be taken of the purpose for which it is 
required, a soap eminently suitable for one purpose 
being quite unsuitable for another. The features 
generally dealt with include proportions of free alkali 
and of fatty acids (which latter measures percentage 
of true soap), amount of rosin, and absence of cotton 
oil, whale oil, or fish oils. The amount of unsaponifiable 
matter and presence and quantity of silicate is also 
sometimes a matter of importance, as, for example, 
in textile soaps. 

It is quite a common practice to buy soap entirely 
on the basis of its fatty acid content, regardless of the 
composition of these fatty acids and of the remainder 
of the soap. Such a method of purchase is better than 
buying absolutely indiscriminately; but as the term 
fatty acids is interpreted in the trade as including rosin 
acids, it is obvious that two soaps with identical fatty 
acids content may differ very considerably in quality, 
one perhaps containing no rosin and the other possibly 
made principally from rosin. It is better, therefore, to 
specify in a contract what proportion of rosin is per- 
missible, and whether cotton or fish oil are to be present. 
Another useful factor in determining the quality of a 
soap is the hardness or titre of the fatty acids, and a 
minimum for this may with advantage be inserted in 
soap contracts. The proportion of fatty acids in a 
.milled toilet soap will be about 78-80 per cent.; in a 
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gennine household soap not less than 63 per cent., and 
more often 65-70 per cent, due to the drying of the 
soap; and in lower quality soaps anything from 60 per 
cent, down to 10 per cent. Genuine soft soaps should 
contain not less than 40 per cent, fatty acids, but 
samples are often met with in which the percentage 
is only 30 or even less. Though soaps are generally 
spoken of zs containing so much per cent, fatty acids; 
this is not, strictly speaking, quite correct, as the 
fatty matter is, of course, combined with alkali to 
form the soap; but in the process of analysis, the fat 
is recovered in the form of fatty acids, and it has, 
therefore, become customary to return it as the 
percentage of these. 

As regards the proportion of free alkali permissible, 
toilet soaps should not contain any caustic alkali, nor 
more than 0T-0*2 per cent. NagO as carbonate; and the 
better household soaps do not exceed tiiis proportion 
either. Cheaper household soaps intended for floor 
scouring, etc., will usually contain much more free 
alkali, partly in the form of carbonate and partly also 
as silicate. 

In addition to the chemical valuation of soap, based 
on the determination of some or all of the constituents, 
various physical methods have been proposed, such as 

(1) rate of solution of the soap in water under certain 
definite conditions as to size and shape of soap, tempera- 
ture of water, and rate of flow of water over the soap; 

(2) breaking weight of an aqueous jelly of definite con- 
centration made from the soap, this being determined 
by supporting a glass tube vertically on the surface of 
the jelly, and gradually running in shot or mercury 
until the tube falls through the jelly, when the total 
weight of tube plus contents gives the breaking 
weight (3) the stalagmometer or dropping method, 
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devised by Hillyer [Journ, Amer. Ghent. Soc., 1903^ p. 524), 
which measures the surface tension of a soap solution 
by determining the number of drops produced by 5 c.ct 
of the solution in falling from a capillary tube into a 
bath of kerosene. A comparison with the number of 
drops produced by a solution of sodium oleate for cold 
water soaps, and sodium palmitate for hot water soaps, 
gives a measure of the detergent value: a modification 
of this has been used more recently by Shorter 
Soc. Dyers and Colourists, April, 1916); (4) a method 
due to Zsigmondy, and based on the fact that soap 
forms a protective colloid over colloidal solutions of 
gold and thereby prevents the precipitation of gold 
from a colloidal gold solution on addition of salt. The 
gold number is defined as the number of milligrams of 
soap solution which protects 10 c.c. gold solution against 
the action of 10 per cent, sodium chloride solution; and 
(5) the method of Stiepel, who measures the froth 
produced on shaking an aqueous solution of the soap. 
A solution of the soap is prepared containing 0-6 grm. 
fatty acids per 100 c.c. This is shaken in a two-litre 
flask having a long graduated neck in which is a bulb 
holding 50 c.c., the shaking being continued for 30 
seconds at a definite temperature, either 17-20° C. or 
50-55° C. being recommended. After shaking, the flask 
is inverted and allowed to stand for 3 minutes, when 
the volume of froth is read off. 


CHAPTER VII 


GLYCERINE 

As has already been pointed out in preceding pages, 
the recovery of glycerine now forms a very import^ant 
part of the soap industry. The value of glycerine has 
risen enormously since the beginning of the present 
centurj^, owing to its rapidly growing demand, not only 
for blasting in mining and such operations as the 
cutting of the Panama Canal, but also for many 
technical purposes. During the European War, the 
colossal expenditure of explosives rendered the greatest 
possible production of glycerine from fats and oils a 
matter of vital national importance, as the nitro- 
glycerine, or glyceryl trinitrate, obtained by treating 
glycerine with a mixture of nitric and sulphuric acids, 
is an essential constituent of all the different forms of 
dynamite. 

Glycerine was first discovered in 1779 by the Swedish 
chemist, Scheele, who noticed that when olive oil was 
saponified with litharge for the preparation of lead 
piaster, a sweet-tasting substance was produced, which 
was soluble in water. Further investigation showing 
that other oils and fats yielded the same substance, he 
gave it the name '' principium dulce oleorum,"' and it 
was also known as sweet oil'' and ‘"oil-sugar.” 
The chemical reaction involved in the liberation of 
glycerine from fat by saponification was not under- 
stood, however, until some years later, when Chevreul, 
in 1812 and the following years, very fully studied the 
whole subject of the constitution of fats, and, in 1814,^ 
gave to Scheele's sweet oil ” the name glycerine from 
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the Greek (sweet). For more than fifty years 

after its discovery, glycerine was only produced on the 
very small scale for pharmaceutical or scientific pur- 
poses, and this was all made by the method discovered 
by Scheele, viz., saponification of oil with litharge, and 
extraction of the lead soap with successive quantities 
of hot water, which dissolves the glycerine. A certain 
amount of lead oxide dissolved in the glycerine solution; 
this was precipitated by passing sulphuretted hydrogen 
through the solution, the lead sulphide filtered off, and 
the filtrate evaporated, when a dark coloured and 
unpleasant smelling glycerine was obtained, which was 
afterwards rendered colourless and odourless by treat- 
ment with freshly-burnt animal charcoal. Such a pro- 
cess is tedious and very costly, and has now been 
entirely superseded by other methods. 

Following upon Chevreuks investigations as to the 
composition of fats, many workers began to attack 
the problem of separating the fatty acids from glycerine 
for the purpose of using the fatty acids, after pressing 
out the softer portion, in the manufacture of candles; 
and the modern methods of accomplishing this fat- 
splitting have already been referred to. All these pro- 
cesses yield a solution of glycerine containing a good 
deal of sulphuric acid, which is removed by neutral- 
ising with lime and concentration by evaporation, and 
a certain amount of the glycerine of commerce is 
obtained by their means, especially by the lime or auto- 
clave method, which is largely worked in candle factories, 
or where glycerine is the prime consideration and the 
fatty acids are only of secondary importance. By far 
the most important source of glycerine at the present 
time, however, is the soap lyes or spent lyes/' sepa- 
rated from soap by the graining operation in the process 
of soap boiling, and which contain some 4 to 8 per cent. 


glycerol.^ Formerly this lye was simply run to waste 
down the drain, owing to the difficulty of separating 
it from the large amount of salt and impurities it invari- 
ably contained, but the increasing demand for glycerine 
rendered its recovery a most important and tempting 
problem; and since 1870 a very large number of apparatus 
and processes have been devised for the purpose, with 
the result that this once despised waste product is now 
the source of probably more than 95 per cent, of the 
total glycerine produced in this country. 

All the above methods for the production of glycerine 
simply separate it from its compounds produced by 
Nature in the oils and fats. It may be prepared arti- 
hcially from acetic acid, as was first shown by Friedel 
and Silva in 1872, but the process is of academic interest 
only, and has no technical value. 

As a result of the enormous demand for glycerine 
during the recent war, various attempts were made to 
produce it from other materials than oils and fats ^ and 
the Germans are stated to have produced as much as 
1,000 tons per month by the fermentation of sugar 
solutions with yeast. 

As has been pointed out, all the processes by which 
glycerine is separated from fats and oils 5 deld the 
glycerine in a very dilute and somewhat impure solu- 
tion, so that to obtain even a moderately pure glycerine 
the solution has to be treated with chemicals and con- 
centrated; and . to produce chemically pure glycerine, 
the concentrated solution has to be distilled, generally 

^ It is now customary to speak of the commercial varieties 
of the substance as glycerine, and to reserve the term glycerol 
for the definite chemical CaHstOH)*; thus a commercial sample 
of " pure glycerine may contained only 98 per cent, of actual 
glycerol, the remaining 2 per cent, being water; and, similarly, 
a sample of crude glycerine ” will contain only about 80 per 
cent, real glycerol, the remainder consisting of salts and water. 
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two or three times. The dilute glycerine solution run 
off from the autoclave, after saponification under pres- 
sure with lime or magnesia, is the purest of all the 
separated '' sweet waters,’' and contains from 8 to 15 
per cent, glycerol, according to the amount of water 
used and steam condensed. As removed from the 
autoclave, it contains emulsified fatty acids, which are 
caused to separate to the surface by addition to the 
still hot liquor of a small quantity of sulphuric acid of 
sp. gr. 1-71. The clear glycerine water is then drawn 
off, neutralised with lime, the calcium sulphate settled 
or filtered off, and the solution concentrated by evapora- 
tion to a gravity of 1-240 to 1-242. This is known as 
“ Saponification Crude,” contains from 85 to 90 per 
cent, glycerol, and varies in colour from yellow to dark 
brown. By filtration through charcoal, so-called 
Refined Glycerine is obtained. 

The glycerine recovered from the Twitchell and 
Enzyme processes of saponification is only slightly 
inferior in quality to that from the autoclave method, 
and is usually classed commercially as Saponification 
Crude. The ” sweet water ” from the Twitchell pro- 
cess usually contains about 15 per cent, glycerine, and 
that from the Enzyme process about 10 per cent. 
Both are purified and concentrated in the same way 
as that obtained by lime saponification. In the case 
of fermentation gl37cerine water, the addition of lime 
precipitates both the sulphuric acid and the poisonous 
alkaloid ricine derived from the castor seed. If the 
solution contains much albumindus matter, *it may be 
purified by filtration over charcoal. 

The glycerine water resulting from sulphuric acid 
hydrolysis of the fat yields a rather less pure crude, 
known as Distillation Crude Glycerine. 

* Spent soap lyes are the most impure of any of the 
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dilute glycerine solutions from which crude glycerine 
is obtained, yet, as already stated, they form very 
much the most important source of this material. 
The specific gravity of spent lyes is about 1*08 to M4, 
and their composition has been previously given (p. 41) 
it will be remembered that besides some 4 to 8 per cent, 
glycerol, the liquor contains 12-20 per cent, salt, and 
up to 1 per cent, sodium carbonate. In addition to 
these, there is also a certain amount of dissolved soap 
and some albuminous matter from the fatty material 
used. The greater part of the soap separates to the 
surface of the lyes on cooling, and is skimmed off and 
returned to a soap pan in which coloured soap is made. 
The lye is then run into a lead-lined vessel and rendered 
Jjust faintly acid to litmus paper by addition of hydro- 
I chloric or sulphuric acid, the former for preference, 
las it merely increases the quantity of salt which is 
I afterwards recovered from the glycerine. After acidi- 
|fying, aluminium sulphate or basic ferric sulphate is 
padded to precipitate fatty acids, and the whole mass 
I'thoroughly agitated by blowing through a current of 
'<air, when, on filtering through a filter press, a clear 
liquor is obtained. This liquor is once more rendered 
alkaline by addition of sodium carbonate or hydroxide, 
rand, after again filtering, is ready for concentration 
to crude glycerine. In this country, hydrochloric acid 
'and aluminium sulphate are most generally used for 
the preliminary purification of the lyes; but, in America, 
sulphuric acid and ferric sulphate are largely employed 
for the purpose. 

The dilute glycerine solution is now ready for con- 
centration, which is complicated, however, by the large 
amount of salt present. This salt is thrown out of 
solution continuously during the evaporation, until, 
when a glycerol-content of 80 per cent, is reached, only 
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about 10 per cent, salt remains in solution. The con- 
centration was formerly carried out in open pans heated 
by fire, and provided with some device for removing the 
salt which deposited at the bottom of the pan, the 
evaporation being continued until the temperature of 
the liquor reached 300"^ F. An improvement on this was 
the use of a revolving drum, suspended in a trough of 
the lye. The drum was heated internally by steam, 
and as it gradually rotated carr 3 dng a film of the lye, 
water quickly evaporated off and a considerable part 
of the salt deposited on the cylinder, from which it 
could then be removed. 

These methods have been superseded by the much 
more rapid and efficient system of evaporation in vacuo. 
By this means, the water is removed at a much lower 
temperature, never exceeding 95° C.; and where two 
or more evaporators are used in series, or, as it is termed, 
a “ double,'' treble," or “ multiple " effect, the latent 
heat of condensation of the steam removed in one 
evaporator is utilised for raising the temperature of the 
lye in the next, and so a great economy in heating is 
effected. The evaporator usually consists of a series 
of vertical tubes, through which the lye circulates, and 
which are enclosed in a steam chamber, or the steam 
ma^/ pass through tubes immersed in the lye. A 
vacuum of about 28 in. is usually maintained in the 
last evaporator. The salt deposited is collected in a 
“ salt box," various forms of which have been patented, 
and from which it may be removed without stopping the 
process. The concentration is continued until the 
glycerine liquor attains a specific gravity of T30, when 
it should contain not less than 80 per cent, glycerol, 
and is now what is known as ** Soap Lye Crude 
Glycerine." This varies in colour from dark brown to 
almost black, according to the quality of the fats used. 
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and (as already mentioned) contains about 10 per cent, 
salt, while the organic impurities vary from less than 
1 per cent, to as much as 4 per cent., though in a good 


SINGLE EFFECT GLYCERINE EVAPORATOR, WITH 
SALT EXTRACTOR AND DRIER. PRELIMINARY 
TREATMENT TANKS AND FILTER PRESS IN THE REAR 


soap-lye crude they should not exceed 3 per cent. 
It requires distillation with superheated steam to pro- 
duce pure glycerine, and many of the smaller soap 




DOUBLE EFFECT GLYCERINE EVAPORATOR, WITH SALT 
EXTRACTORS ’ 


evaporators, as devised by G. Scott & Son, Ltd., are 
shown in Figs. 8 and 9. 

The final stage of glycerine recovery [i.e. the distilla- 
tion of the crude glycerine) is carried out by means of 
superheated steam either under ordinary atmospheric 
pressure or, as is now much more usual, in vacuo. The 
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cmde glycerine is introduced into a copper or wrought- 
iron retort, and superheated steam led directly into the 
glycerine. If under ordinary pressure, no glycerine dis- 
tils over until the temperature of the glycerine in the 
retort reaches 280° C.. when it begins to boil and all 
the glycerine passes over between 280° and 290° C., 
and is condensed in a series of U-tube condensers, with 
a draw-off cock at the bottom of each, the richest 
glycerine solution (about 90 per cent, glycerol) con- 
densing in the first U-tube, and the solution being more 



DIAGRAMMATIC ARRANGEMENT OF GLYCERINE 
REFINING PLANT 

and more dilute with each successive tube until the last 
is little more than water. By carrying out the dis- 
tillation in vacuo, the boiling temperature is, of course, 
much reduced, the glycerine boiling under a pressure 
of 12*5 mm. at 179*5° C., and a much purer product, 
of better colour and odour, and higher concentration 
is thus obtained. The retort and condensing arrange- 
ments are similar to those described for use under 
ordinary pressure, but the whole is exhausted by means 
of a powerful air pump, and the apparatus may be 
made continuous by constantly running in fresh crude 
glycerine to replace that distilled over. The principle 
of the apparatus is shown diagrammatically in Fig. 10. 
where the still is shown on the left, connected to the 
condensers C B, and thence to the fractional and final 





condensers for the weak glycerine vapours; and Fig. 11 
shows the actual apparatus as erected for the purpose 
by G. Scott & Son. The condensing and fractionating 
arrangements appear in the foreground and the stills 
can be seen through the mass of pipes. A further 
improvement in the distillation of glycerine has been 


Fig. 11 


GLYCERINE REFINING PLANT 


effected by Jobbins and Van Ruymbeke, who over- 
come the loss of heat due to the expansion of the steam, 
as it enters the still, by introducing expanded and 
re-heated steam. 

The glycerine distillate is then concentrated by 
evaporation m vacuo, any distillates of a lower specific 
gravity than T07 (about 30 per cent.) being returned 
to the lyes awaiting concentration. 
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The residue left in the still contains a considerable 
amount— ’Usually 50-60 per cent. — of glycerine, associ- 
ated with polyglycerols, salt, sodium carbonate, sodium 
acetate, etc. This is boiled with water, acidified with 
hydrochloric acid, and the tar which collects on the 
surface skimmed off; the liquid is then either mixed 
with further soap lyes or concentrated and distilled 
separately. The ultimate still residues, which are too 
low in glycerine content to be worth extracting further:, 
are used in the manufacture of boot-blackings. 

The commercial varieties of glycerine include, in 
addition to various forms of crude glycerine already 
described, commercial refined, which is obtained from 
Saponification Crude by bleaching with bone char- 
coal or various chemical bleaching agents, such as 
hydrosulphites; distilled glycerine, which is once-dis- 
tilled or, if necessary, distilled a second time; and 
chemically pure glycerine, which is double or treble 
distilled, and then treated with charcoal. 

Commercial refined glycerine is used for various 
technical purposes; distilled glycerine is employed in 
large quantities in the manufacture of various explo- 
sives, such as d 5 mamite, cordite, explosive gelatine, 
etc., and is also extensively used for many industrial 
purposes; while chemically pure glycerine is used for 
medicinal and toilet purposes. 

Dynamite glycerine, which may have a slightly 
yellow colour, is required to have a specific gravity 
of not less than 1*261 at 15*5® C. to be free from lime, 
magnesia, and aluminium, and to contain not more 
than traces of chlorine or minute traces of arsenic. 

Glycerine owes its use in explosives to the fact that, 
when treated with a mixture of nitric and sulphuric 
acids, it readily forms a nitrate or ester (trinitro- 
glycerine), which explodes when subjected to a blow 
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or to violent and sudden pressure. This substance was 
discovered by Sobrero in 1847, but was not used 
technically until 1863, when the Swedish engineer, 
Nobel, employed it for blasting; and since then its use 
as an explosive has been enormously developed by 
mixing it with either inert absorbents, such as kiesel- 
guhr, or chemically active absorbents, such as sawdust, 
barium nitrate, potassium chlorate, etc. 


Properties of Pure Glycerine 

Pure glycerine is a clear and colourless, viscous 
liquid at ordinary temperatures, which crystallises on 
cooling for some time to a very low temperature-well 
below 0°C.; and does not melt again until the 
temperature reaches 17^18® C. 

‘ When heated, it commences to give off fumes at 
120® C., it ignites at 150® C., and boils at 290® C. 
Anhydrous glycerine has a specific gravity of 1*2665 at 
15®; but, owing to the presence of small quantities of 
water, most commercial specimens have a specific 
gravity of 1*260 to 1*263. It has a sweet taste, and is 
very hygroscopic, readily absorbing water until reduced 
to about 50 per cent., hence the burning sensation 
produced when strong glycerine is rubbed on the 
skin. 

Dilute solutions of glycerine may be concentrated on 
the water-bath to a strength of 70 per cent., without 
loss of glycerine; but above this concentration, glycerine 
vaporises with the water. Glycerine is miscible in all 
proportions with water, alcohol, acetone, and ether- 
alcohol; but is insoluble in chloroform, petroleum ether, 
and benzene, and only slightly soluble in ether. It 
readily dissolves soda, potash, lime, magnesia, lead 
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oxide, copper oxide, and iron oxide, calcium sulphate, 
and many mineral salts. 

Chemically pure glycerine is required by the British 
Pharmacopoeia (1914) to have a specific gravity of 
1*260 at 15®C.; to be free from copper, lead, ammonia, 
chloride, or sulphate; and to contain not more than 
4 parts per million of arsenic. 
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Abietic acid, 17 
Acids, fatty, saponification of, 
32, 51 

Alcohol, use of, in soap-making, 
69,91 

Alkali, free, limits for, 56, 80, 
*106 

, , neutralisation of, 55 

Alkalies, 21 

Ammonia-soda process, 23 
Ammonia soap, 22, 98 
Arachidic acid, 20 
Arachis oil, 12 
Artificial mottled soap, 58 

Band moulds, 81 
Bar soap, 62 
Barring of soap, 74 
Bay oil, 31 
Benzyl acetate, 31 
Bergamot oil, 31 
,Birch tar soap, 88 
Blankite, 47 
Bleaching palm oil, 11 

soap, 47 

Blue mottled soap, 59 
Boiling-on-strength, 42 
Boiling process, 37 
Bone fat, 8 
Borax in soap, 88 
Boric acid in soap, 55, 88 
Brown Windsor soap, 31 
Bunching, 35 

Capric acid, 19 
Carbolic Soap, 67, 88 
Carnation soap, 31 
Cassia oil, 31 
Castile soap, 12 
Castner-Keliner process, 24 
Castor oil, 14 
Caustic potash, 28 
— — soda, 23 


Chinese vegetable tallow, 14 
Chipping machine, 79 
Coal tar soap, 87 
Coconut oil, 9 
Cold process, 34 

— — toilet soap, 76 

— transparent soap, 70 

Collar moulds, 81 
Colloidal soap, 68, 101 
Commercial valuation of 
soap, 104 

Compressing machine, 79 
Compression of soap, 80 
Cooling soap, 72 
Cotton industry, soaps for, 97 

softeners,’ 97 

Cotton-seed oil, 12 

soap stock, 13 

Cressonidre process, 77, 

Crude glycerine, 111 
Crutching soap, 54 

pan, 54, 55 

Curd soap, 37, 56 


Degumming silk, 96 
Detergent action of soap, 102 
Disinfectant household soaps, 
67 

Dog soaps, 90 

Double decomposition methods 
of soap-making, 52 
Dry soaps, 92 
Dry-cleaning soaps, 98 
Dynamite glycerine, 118 


Earth-nut oil, 12 
Eau-de-Cologne soap, 31 
Electrolytic alkali, 24 
Eschweg soaps, 59 
Ether soap, 91 
Extracts, soap, 92 
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Fatty acids, 18 

in soap, 45, 57, 105 

, saponification of, 32 

51 

Ferment process, 19 
Figging, 12, 13, 49 
Filling, 36, 67 
Fitting, 43 
Floating soap, 82 
Formaldehyde soap, 89 
Frame, 73 
Framing, 72 

Free alkali in soap, 80, 106 

Glycerine, 108 

, chemically pure, 1 18 

, commercial refined, 1 18 

concentrator, 114 

— — , crude, 110 

, distillation, crude. 111 

, distillation of, 115 

, dynamite, 118 

, properties of, 119 

, recovery of, from soap 

lyes. Ill 

saponification. 111 

, soap-lye crude, 112 

Glycerol, 110 

Gold numbers of soaps, 107 
Grading soaps, 106 
Graining, 40 
Ground nut oil, 12 
Gum Tragacanth in shaving 
soap, 84, 85 

Half-spent lyes, 43 
Hardened oils, 15 
Heliotrope soap, 31 
Home melt, 7 
Household soaps, 62 
Hydrogenised oils, 15 
Hydrolysis of soap, 100 

ICHTHYOL soap, 88 
Iodine soap, 88 
Isosoap, 96 

Jacobi soap-cooling plant, 72 


Japan wax, 20 
Jasmine soap, 31 

Krebitz process, 52 

Lard, 8 
Laurie acid, 19 
Lavender oil, 31 
Leblanc process, 23 
Leimdoerfer soap-cooling plant, 
73 

Linseed oil, 14 * 

Liquid soaps, 90 
Liquoring soap, 64 
Lyes, half-spent, 43 
, spent, 41 

, glycerine from, 109 

Lysol soap, 88 

Maize oil, 13 
Marine soap, 68 
Marseilles soap, 12, 58 
Medicated soaps, 86 
Mercury soap, 89 
Milling machine, 79 

process, 77 

soap-base, 60 

Mineral oils, 5 '' 

Mottled soap, 57 
Moulds, soap, 81 
M3n,-istic acid, 19 

Neutralisation of soap, 55 
Nigre, 44 

, bleaching of, 46 

, utilisation of, 45 

Oil soaps, 75 
Oils, essential, 5 

, fatty, 5 

— ^ — , hydrocarbon, 5 

, mineral, 5 

Oleic acid, 19 
Oleine, 20 
Olive oil, 1 1 

Ozone, bleaching palm oil by, 
— — , soap by, 48 
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Palidol, 47 
Palm oil, 11 
— — -kernel oil, 10 
Palmarosa oil, 31 
Palmitic acid, 19 
Pasting, 37 
Patchouli oil, 31 
Pea-nut oil, 12 
Pearlash, 28 
Pear lashing, 50 
Perfumes, soap, 29-31 
Persulphates, 47 
Plodder, 79 

Potassium carbonate, 28 
— — compounds, 27 

, hydroxide, 28 

Powders, soap, 92 
Primrose soap, 62 
Properties of soap, 99 
Pulv. sapo. Cast, alb., 12 

Raw materials, 4 
Red oil, 21,34, 95 
Re-melted soaps, 76, 82 
Rice oil, 13 
Rose soap, 31 
Rosin, 16 

* bleaching of, 17 

Run soap, 64 

Salicylic acid soap, 88 
Salt, 26 
Salting out, 40 
Sapo mollis, 51 
Saponification, 5 

in vacuo, 53 

V— of fatty acids, 32 
— under pressure, 53 
Sericin, 96 
Settling change, 43 
Shaving creams, 85 

soap, 83 

-r — powder, 86 

Silicated soap, 66 
Silk industry, soaps for, 96 
Skin grease, 9 
Slabbing soap, 74 
Soap, barring, 74 


Soap, bleaching of, 47 

, cooling, 72 

, definition of, 3 

, duty on, 1 

flakes, 94 

, floating, 82 

frame, 73 

, introduction of, into Eng- 
land, 1 

kettle, 37, 39 

pan, 37, 39 

powders, 92 

, silicating, 66 

, slabbing, 74 

, solubility of, in water, 

99 

solutions, 90 

^ stability of, 104 

, specifications for, 104 

stamping, 75 

Soap stock, 12, 13 
Soda ash, 25 

, caustic, 23 

compounds, 22 

Sodium bicarbonate, 25 
— — carbonate, 24 

addition of, to soap. 

65 

chloride, 26 

— ^ graining with, 40 

^ liquoring with, 66 

hydroxide, 23 

sesquicarbonate, 23, 25 

silicate, 26 

addition of, to soap 


66 

- — sulphate, addition of, to 
soap, 67 

in soap powders, 93 


Soft soap, 48 
Solvay process, 23 
Soya bean oil, 14 
Spent lyes, 41 
Stamping soap, 75, 81 

■ — press, 79 

Stearic acid, 19 
Stearin, 6 
Stearine, 6, 20 
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Strength change, 42 
Sugar, addition of, to soap, 
70 ^ 

Sulphur olive oil, 1 1 


Tallow, 7 

■ Chinese vegetable, 14 

Textile soaps, 94 
Th^nard’s process, 14 
Thymol soap, 89 
Titre, 7 

Toilet soaps, 76 


Transparent soaps, 68 
Twitchell process, 19 

Valuation of soap, 104 
Violet soap, 10, 29, 31 

Washer soaps, 63 
Washing powders, 92 
Watts* process, 1 1 
Wool oil, 95 
Wool-scouring soap, 95 
Woollen industry, soaps f»r, 
95-98 
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